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nfectious diseases caused more than 17 million deaths in 1995, almost one 
third of all deaths that occurred worldwide that year. The World Health Orga- 
nization has listed 18 "new" infectious diseases identified during the last 22 years 
that are contributing to these statistics. This ominous rise in infectious diseases is 





accompanied by an almost equally alarming decrease in the numbers of programs 
available for training clinical laboratory scientists and microbiologists. 

Diagnostic microbiology is a visual science; ability to recognize characteristics 
both microscopically and macroscopically is the hallmark of competence in the 
field. A convenient and inclusive source of microbiological color images is virtually 
nonexistent. We have sought to remedy that situation with this volume. 

The book contains 753 full-color images, encompassing laboratory safety 
practices, specimen collection and transport devices, specimen handling. colony 
morphologies, microscopic images, biochemicals and other tests, and susceptibility 
testing. The microbes that cause human disease are found among viruses, fungi, 
parasites, and bacteria, and this book includes representative images from each 
group. Emphasis has been placed on the pictures and text is minimal, with just 
enough information to place the photographs into context. The book is meant to be 
a collection of some of the most important visual images in human diagnostic 
microbiology. 

All instructors helping students to learn medical microbiology know how dil- 
ficult it is sometimes to find that "typical" image to illustrate a point. We expect this 
book will provide instructors easy access to those images that are frequently used 
in the teaching of diagnostic microbiology. The book should be useful to medical 
students taking their microbiology courses, pathology residents and infectious dis- 
eases fellows, pathologists and physicians, and of course, laboratory scientists and 
diagnostic microbiologists, both beginning and reviewing. 

We have attempted to include in this atlas those images that cover the most 
frequently detected pathogens and most frequently performed tests in the clinical 
laboratory. We realize that this is an impossible task, because the numbers of 
pathogens and types of tests vary greatly from site to site. If we have failed to cover 
a subject that you think should be included. please feel [ree to send us your sug- 
gestions, or even better, specimens and samples, to be considered for the next edi- 
tion of this book. Obviously, we ask all of our readers, and particularly our critics, 
to bring to our attention any errors that they may find in the book. We thank all 
of you in advance for vour help. 


Technical Note 


The light and fluorescent microscopic pictures were taken with a Zeiss Universal 
microscope (Carl Zeiss Inc., West Germany) equipped with Zeiss and Olympus 
(Olympus Optical Corp., Ltd., Japan) lenses, and a Nikon FX-35A camera (Nikon 
Corp., Tokyo, Japan). The macroscopic images were obtained using a Nikon EL cam- 
era with a Micro-Nikkor 55 mm f/3.5 lens, and a Contax RTS camera with a Carl 
Zeiss 5-РІапаг 60 mm f/2.8 lens. Kodachrome 25 Professional film (Eastman Kodak 
Co., Rochester, New York) and Velvia and Provia Fujichrome films (Fuji Photo Film 
Co., Ltd., Tokyo, Japan) were used for most of the images. The electron micrographs 
were taken with a Philips EM400 electron microscope (Philips Electronic Instru- 
ments Co., Eindhoven, The Netherlands) and Electron Image Film SO-163 (Eastman 
Kodak Co.). The magnification stated in the legends corresponds to approximately 
that of the printed figure. However, for calculation, the measurement provided in 
the legend should be used. 
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CHAPTER 1 Laboratory Safety 


uring the last decade there has been a dramatic increase in the number of 
guidelines, recommendations, regulations, and standards introduced for the 
safety of personnel working with potential pathogens in clinical laboratories. It is 
mandated by OSHA (Occupational Safety and Health Act, created 1970) that guide- 
lines be implemented and practiced and that protective clothing, containment 
devices, and decontamination equipment and materials be available in the work- 
place. Procedures regarding biosafety requirements and practices must be available 
and familiar to all laboratory personnel. 





Protective Clothing and Equipment 


An important component of Universal Precautions and safe work practices is the 
effective use of protective gloves, eye and mouth protection, and laboratory coats, 
all considered to be Personal Protective Devices. Protective gloves must be worn 
whenever there is a potential for direct contact with infectious materials. Disposable 
latex or vinyl gloves are recommended and should immediately be discarded in a 
designated waste container when removed. 





1-1 Remowe one glove by pulling the outside bottom of that — 4-2 Pull the glove completely off and hold this contami- 
glove toward the palm and fingers with the other gloved hand, nated glove in the gloved hand. Do not touch the outer surface 
turning the glove inside out asit is removed. Do not touch your of either glove with the ungloved hand. 

skin with the outer glove surface. 
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1-3 Using the ungloved hand, grab the inside of the bottom 
of the second glove and pull the other glove off. 


1-5 Both gloves should be immediately discarded in a waste 
container designated for contaminated materials. 














1-4 Pull the second glove over the contaminated glove that 
is held in the hand, turning it completely inside out to contain 
the first glove and to avoid contaminating the ungloved hands. 





1-6 Eye covering such as goggles should be worn whenever 
working with body fluids or other specimens that may splash 
or procedures that may create acrosols. Goggles with side pan- 
els should be provided for each worker. 


1-7 A face mask is worn to protect mucous membranes of 
the nose and mouth and to screen out aerosol particles that 
may enter the respiratory or digestive tracts. The mask should 
fit tightly around the face and provide the OSHA-mandated 
level of protection. Face masks should always be worn if there 
is a chance of spattering clinical material. In some settings, 
waterproof face shields may be required for some tasks involv- 
ing serum and blood. 


1-8 This photograph illustrates an improperly fitted face 
mask that does not provide adequate protection. There is a po- 


tential for contaminated materials to enter through the gaps 


and come into contact with mucous membranes or to be 
breathed in. 





4-40 A full face shield is worn to protect the eyes, nose, and 
mouth from splashes. 
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4-11 Fluid-resistant laboratory coats with closed necks and 
wrists should be worn to cover all potential exposed skin and 
clothing. Fluid-resistant laboratory coats should be worn over 
street clothes and should be removed before leaving the labo- 
ratory. 
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4-12 Knit cuffs protect the skin on the arms. 1-12 Protective gloves should be worn over the knit culis to 
provide a praper sleeve closure and hand protection. 


Disinfection, Waste Disposal, and Sterilization 


Disinfection 





4-44 Decontamination of work surfaces at the end of each 4-15 Paper towels should be placed on the contaminated 
work surface and soaked with diluted household bleach im- 


shift and cleaning of spills should be performed with a Iresh 
mediately after a spill and at the end of each shift 


10% solution of household bleach. 


1-18  Bleach-soaked paper towels should also be used in the 
biological safety cabinet to catch fallen drops that can create 


Cp ils, 
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Waste Disposal 


Contaminated materials should be disposed of in proper containers that are prop- 
erly labeled and fitted with lids. Separate containers are available for plastic and 


glass and needles. It is important to dispose of materials in proper containers to 
avoid potentially serious injury or illness to individuals coming in contact with these 
materials. 


4-47 Agar plates are discarded in a properly labeled con- 
tainer with a lid. 


1-48 Needles with attached syringes are discarded into 
hard-sided, puncture-proof containers. Needles must never be 
recapped unless a specially designed, commercially available 
holder for resheathing needles is used for that purpose. 


1-19 Glass tubes containing human samples are also dis- 
carded into hard-sided, puncture-proof containers. 
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Sterilization 
All materials contaminated with potentially infectious microorganisms must be 
decontaminated before disposal. An autoclave is the most common instrument used 
to perform this function. 














1-20 Loosely packed materials that have been appropri- 1-21 The autoclave door is closed tightly. At the completion 
ately discarded in designated containers (ie, red-bagged lined of the cycle, the door is opened slowly by an operator wearing 
buckets, are placed in the autoclave). The bags, which should heat-resistant gloves and a face mask to protect against burns 
never be filled completely, are loosely tled at the top to allow [rom escaping steam. 

the steam to circulate and effectively decontaminate the con- 

tents. Adding approximntely 1 cup of water to the bag facili- 

tates steam production. 


Biological Safety Cabinet 


The biological safety cabinet (BSC) is one of the most common containment devices 
used in laboratories. Air is decontaminated by high-efliciency particulate air (HEPA) 
filters. 


1-22 А commonly used Class II biological safety cabinet 
that filter sterilizes both the incoming and exhausted air. A 
BSC should be kept free of clutter. Routine inspection of the 
cabinet by a certified technician is required. 





-r 
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1-23 Regular measuring of air flow should be performed to 
ensure proper velocity. Mechanical problems, lilter clogging, 
and other reasons contribute to lowered velocity, which may 
allow infectious particles to escape the cabinet. 





Other Safety Practices 


Use of aerosol-containing safety buckets in centrifuges, vortexing tightly sealed 
tubes in a biological safety cabinet (BSC), and securing gas tanks to a holding device 
mounted on the wall are other additional safety practices that are required to 


ensure a sale work environment. 


1-24 Tightly sealed centrifuge tubes are placed into safety 
carriers that are themselves tightly sealed belore centriluga- 
tion. This will avoid creating an aerosol if tubes are broken 
during centrifugation. . 


4-25 Care should be taken when opening a sealed cen- 
trifuge carrier to avoid contamination from a possible broken 
container during centrifugation. 
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41-26 Tightly sealed containers should be vortexed in a BSC 1-27 All sas tanks should be secured in place by а holding 
only. The tube should then be inverted to reabsorh aerosolized device. 

particles. A 30-minute wait before opening the tube avoids 

aerosol creation, especially when mycobacteria are being han- 

dled. 


Mailing Containers 


Potentially infectious material must be shipped according to the federal codes of 


Interstate Shipment of Etiologic Agents. 











1 
1-28 The specimen must be placed in an inner sealed con- 4-29 Ап official Etiologic Agents label must be affixed to the 
tainer, which is then placed in an outer sealed metal tube. The outer container. 
inner container must have sufficient material to absorb the 
entire fluid contents in the event of a leak. 





CHAPTER 2 Specimen Collection 


Containers 


t is the responsibility of the diagnostic microbiology laboratory to select and 





Ш provide transport devices for collection of specimens from a variety of 
anatomical sites. Most specimen collection containers incorporate transport media 
that support the viability of microorganisms encountered in clinical specimens. The 
interpretation of results is dependent upon the quality of the collected specimen 
and the transport conditions. Improperly transported specimens may result in fail- 
ure to isolate the causative microorganism. One of the most common and widely 
used transport systems is a plastic tube containing a sterile polyester-tipped swab 
and medium to prevent the drying of microorganisms, maintain the pH, and min- 


imize overgrowth. 


=-1 Sterile disposable aerobic culture col- 
lection and transport system consisting of a plas 
tic tube containing two rayon-tipped swabs and modified 
Stuart's transport medium in a separate ampoule (BBL Micro- 
biology Systems, Cockeysville, Md.). The ampoule is located at 
the base of the tube and is covered by a protective sleeve on the 
outside. This ampoule must be crushed after the specimen is 
collected. and the swabs are placed back into the container to 
keep the specimen on the swabs moist. The use of cotton 
swabs should be avoided because they contain fatty acids that 
шау be inhibitory to some bacteria. 


2-2 Mazopharyngeal-urogenital swab (Cal- 
giswab Type IV; Spectrum Diagnostics, 
Glenwood, Ill). This flexible wire shaft and small tip pro- 
vides easy specimen collection, especially for nasopharyngeal 
and male urethral specimens. Calcium alginate swabs should 
not be used for collection of urethral specimens because they 
can be toxic to some strains of Neisseria gonorrhoeae: however, 
they are useful for collection of Сахт trachomatis cultures. 
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2-3 Nasopharyngeal collection system. ^ 
similar collection system as described in Figure 2-2; however, 
this swab is used for collection of nasopharyngeal specimens 
for recovery of Bordetella pertussis, The tube contains Amies 
charcoal transport medium. which also supports the viability 
of Neisseria gonorrhoeae. 





2-4 Sterile, disposable collection and 
transport system for recovery of viruses 
(BBL Microbiology Systems, Cockeysville, 
Md.). The swab and holder are shown separately at the top 
and assembled at the bottom, The tube contains a rayon- 
tipped swab and viral transport medium containing Hanks’ 
balanced salt solution and antimicrobics. This prevents speci- 
men drying, helps maintain viral viability, and retards the 
growth of other microbial contaminants. 


2-5 Herpes collection kit containing two sizes of 
dacron-tipped swabs, а slide for preparation of а direct smear 
at the time of collection, and a slide fixative (Syva MicroTrak. 





ч San Jose, Саі). The slide will be stained later in the laboratory 
м, with a direct fluorescent antibody stain. 
а 
М. 
че 
= 
М, 


2-6 Chlamydia trachomatis collection kit 
containing two sizes of dacron-tipped swabs and a cytobrush, 
а slide for preparation of a direct smear at the time of collec- 
tion, and an ampoule of slide fixative (Syva MicroTrak. San 
Jose, Calif). The slide will be stained later in the laboratory 
with a direct fluorescent antibody stain. 








2-7 Viral-chlamydial transport medium. 5pec- 
imens for detection of viruses or chlamydia should be placed 
into a tube of sucrose-phosphate buller transport medium 
containing fetal call serum, buller, and gentamicin (Baxter 
Diagnostics, Inc.. Deerfield. Ill.). 





à 


2-8 Bio-Bag Environmental System (BBL 
Microbiology Systems, Cockeysville, Md.). 
The specimen for anaerobic culture is collected as tissue in а 
sterile tube or. much less desirable, on a swab, and then placed 
in the gas impermeable environmental bag that contains am- 
poules of indicator, catalyst, and hydrogen-CO, generator. The 
bag is sealed and each ampoule is crushed to produce anaero- 
bic conditions. 
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2-9 A, Transgrow bottle (BBL Microbiology 
Systems, Cockeysville, Md.) lor recovery of Nelss- 
ria gonorrhoeae. The inner flat surface of the bottle contains 
modified Thayer-Martin agar that has been prepared under 
о. а, Jambec plate (BBL Microbiology Sys- 
tems, Cockeysville, Md.) lor recovery of Neisseria 
gonorrhoeae, Medium is prepared in a flat, plastic container 
with a snap-top lid. The specimen is inoculated directly, and 
the moisture from the medium dissolves a bicarbonate tablet 
to create the CO, atmosphere. 
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210 Para-Pak Parasitology Collection Kit (Meridian 
Diagnostics, Cincinnati, Ohio). This commercially prepared kit 
contains one vial of modified polyvinyl alcohol (PVA) and one vial of buffered 
neutral formalin. Placing the stool specimen into these vials immediately al- 
ter collection preserves the morphology of the parasites. 


There are a variety of media for the collection and recovery of microorganisms from 
blood. Some of these media can be used alone, while others require incubation and 
detection in an automated system. They all contain between 0.025% to 0.05% 
sodium polyanetholsulfonate (SPS), and the recommended blood-to-medium ratio 
is 1:2.5 to 1:10, depending upon the system. Examples of these media appear in 
Figures 2-11 to 2-14. 





2-11 Septi-Chek biphasic blood culture bot- 
tle (BBL Microbiology Systems, Cockeys- 
ville, Md.) represents a nonautomated blood culture sys- 
tem. Bottles contain tryptic soy broth and an agar slide paddle 
with three agar types: chocolate, MacConkey, and malt. Blood 
is Inoculated into the bottle at the time of collection and trans- 
ported to the laboratory. In a biological safety cabinet, an agar 
slide paddle is attached to the bottle, inverted, and incubated. 
Subcultures are performed by inverting the bottle again to in- 
oculate the paddle. 





2-12 Isolator lysis-centrifugation blood cul- 
ture system, 1.5 and 10-ті tubes (Wampole 
Laboratories, Cranbury, N.J.) are recommended 
for the isolation of mycobacteria and fungi. The tube contains 
a blood cell lysing fluid of saponin, polypropylene, SPS, fuo- 
rinert, and EDTA, Specimens collected іп the 10-ml tube are 
centrifuged al 3000 X g for 30 minutes. The supernatant is 
discarded, and the sediment is plated onto selected media. 
Specimens collected in the 1.5 ml tube are plated directly onto 
media. 
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2-14 ESP HOA aerobic and SON anaerobic 
blood culture media io be used with the ESP aubo- 
mated blood culture system (Difeo Laboratories, Detroit, 
Mich. ]). 





2-13 BACTEC blood culture bottles ire manu- 
factured with a choice of media. such as 26 Plus, 27 Plus, and 
Peds Plus, shown here. The bottles are used with the 9000 
Fluorescent Series Instrument (BDDIS, Becton Dickinson, 
Sparks, Md.). These media are intended for recovery of acrabic 
and anaerobic microorganisms. 






2-15 Blood collection vacutainer tubes. 
Three blood collection vacutainer tubes (left to right: SPS-con- 
taining, serum separator type. and sodium heparin-contain- 
ing (Becton Dickinson, Cockeysville, Md.). The plasma or 
serum obtained is used for the serodiagnasis of infectious 
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CHAPTER 3 Specimen Processing 


here are a number of important steps involved in specimen processing that 
include (1) entry of patient information into a computer system or manual 





log; (2) visual examination of the specimen to determine if acceptance criteria are 
met; (3) specimen preparation, selection, and inoculation of media; and (4) prepa- 
ration and microscopic examination of direct smears. Upon receipt into the labora- 
tory, the technologist should verify that the specimen is labeled with the appropri- 
ate patient information, Unlabeled and mislabeled specimens should be handled 
according to the written laboratory policy. Any additional patient information 
needed to process the specimen should be retrieved from the laboratory information 
system (LIS) or other source. 





3-1 Entry of specimen information into the computer sys- 3-2 Examination of the specimen container to confirm that 
tem. Upon receipt into the laboratory, the specimen should be the specimen is properly labeled, a criterion for acceptance. A 
entered into the LIS or manual logbook. Patient information protocol for handling unlabeled and mislabeled specimens 
including diagnosis and antimicrobial therapy, complete spec- should be available and follawed. 
imen information including anatomic collection site. time of 

collection, and test requests, and specimen accession number 

should be available before specimen processing. 


14 





b1 


3-3 Verilying that the information on the specimen con- 
tainer label corresponds with the laboratory request form. Im- 
properly labeled specimens should be processed only if correc- 
tive action and documentation are complete. 


3-5 Examining the specimen container for the presence of 
cracks, leaks, and other potential problems. Universal precau- 
tions should be used when handling all specimens. 
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3-4 Carefully examining the specimen to determine if it 
matches the specimen description provided on the laboratory 
request form. 





3-6 Macroscopic examination is an important determina- 
tion for all specimens; however, it is imperative for specimens 
from expectorated sputa. The macroscopic appearances of the 
four sputum specimens shown in this figure are: (top left) 
thick, mucoid, purulent; (Lap right) watery saliva: {bottom left) 
mucoid, bloody: (bottom left) thick, mucoid center surrounded 
by saliva. 
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3-7 A well-written procedure manual must he available. It 
should include policies for accepting and rejecting specimens. 
and guidelines for specimen processing. This manual should 
be consulted for complete information on specimen process- 
ing. inoculation of media, and incubation and atmospheric 
conditions. 





= 


а-а A selection of enriched. differential. and selective me- 
dia should be available for culture. A daily supply of media 
should be stored at room temperature and easily accessible to 
the user. 


О mM 





3-9 A, Asupply of prereduced anaerobic media should also be available and used only on selected specimens as outlined in the 
procedure manual. 8, The appropriate media and slides should be selected on the basis of the specimen source and culture 
request, These media should be labeled with the patient identifying/accession number before they are inoculated. 
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32-10 = A selection of inoculating loops, including calibrating 3-11 An excellent method for preparing a Gram stain from 

loops, should be among the supplies for processing. fresh tissue is to press the tissue directly onto the slide surface. 
Sterile slides should be used to preserve the tissue for addi- 
tional studies. 





3-12 Tissue specimens should be minced or homogenized 
before inoculation onto media, One method makes use of ster- 3-13 Another method for homogenizing tissue is using à 
lle scalpel blades. The specimen is placed into a sterile petri disposable tissue-grinding kit (Sage Products. Cary, IIL). This 


dish. and one пг two sterile surgical scalpels are used to mince system minimizes Contamination and splattering of the speci 
the specimen until it is homogeneous in consistency. men. 





3-14 A portion of the specimen is placed inta the tissue 3-15 Тһе specimen is homogenized as the operator twists 
erinder tube, and at least 0.5 ml of nutrient broth is added to and pushes the pestle down onto the tissue. The procedure 
moisten the specimen. should always be performed in a biological safety cabinet. 


I8 
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3-16 Specimens must be examined carefully before inocu- 
lation of media. A representative portion that has ап abnor- 
mal appearance (ie. Decks of blood, mucous, granules, puru- 
lent, abnormal color, or other signs of an infectious process) 
should be selected. 
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3-17 A, Saliva, as shown in this figure, must be distin- 
guished from sputum, The impression that a specimen con- 
sists of saliva is confirmed by preparing a Gram stain and ex- 
amining the specimen microscopically. If the microscopic 
examination conlirms that the specimen is not sputum, the 
specimen should be rejected and not processed for routine bac 
terial culture. B, Gram stain (low power) of a good quality 
sputum specimen, characterized by lack of squamous epithe- 
lial cells. Most of the somatic cells seen are neutrophils, 
С. Gram slain (low power) of a poor quality sputum spect 
men, characterized by numerous squamous epithelial cells. 
The culture of such a specimen will not accurately reflect the 
clinical situation and may yield misleading results. 
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2-18 The portion of the specimen most likely to harbor the 
infecting microorganisms is selected. A sample of this sputum 
specimen should be taken from the central. bloody portion. 


2-19 Rejection of specimens that appear macroscopically 
to he from an infected source, such as the exudate fluid shown 
in this figure, but appear unacceptable when examined micro- 
scopically, should be avoided. The Gram stain should be re- 
peated if there is a discrepancy between the microscopic exam 
and the gross appearance of the specimen. 





3-20 Proper technique should be used when preparing di 

rect smears. When inoculating a specimen onto a slide with a 
swab, the swab should be rolled over most of the surface using 
a back-and-forth motion. Reject dry swabs and request a new 


E КПП. 


3-24 When а sterile Pasteur pipette is used to inoculate flu- 
ids onto a slide, enough specimen must be placed on the slide 
to form a circle of approximately 15 mm in diameter. The slide 
should air dry in the biological safety cabinet before it is fixed 
and stained. 
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3-22 li may be necessary to use a loop to prepare the slide 
if the sample is small. Enough specimen should be deposited 
on the slide to form a circle of approximately 15 mm in diam- 
eter. Clear fluids, on the other hand, should be deposited in a 
heaped drop and allowed to air dry. A cytocentrifuge is recom- 


mended for making smcars of body fluids. 








3-23 
on a slide and covered immediately with a cover slip. This 
preparation is examined under < 400 power lo detect bacter- 
ial motility, motile parasites. and lor other investigations. 


A^ small drop af a liquid specimen 15 placed in a well 
[ 1 1 | 





2-24 A, If the specimen is on a swab, the agar plates 
should be inoculated hy rotating the swab across one quad 
rant of the plate. B, If only one swab is available, it should he 
vortexed in a small amount of broth (0.75 to 1.0 ml) and the 
resulting suspension can be used to inoculate plates and pre- 
pare Ube smear. Vortexing should be performed in a biological 
safety cabinet. 
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3-24, cont. С, The primary inoculum is spread with a 
loop, using a back-and-forth motion. A wire loop should be 
sterilized belween each successive quadrant streak. 





3-26 Sterile forceps are used to process hardware such as 
catheter tips. The forceps are first used to roll the catheter tip 
aver the entire surface of an agar plate. and then to place the 


catheter tip into a broth medium (shown). 





3-27 Specimens in syringes should be discouraged: vials 
are best inoculated at the bedside. Blood culture vials are usc- 
ful for many body fluids. 


3-25 [Í sterile body fluids are concentrated by centrifuga- 
tion, the supernatant should be aspirated off the sediment, 
and a Pasteur pipette should be used ta mix and then inoculate 
the sediment onto media and slides. Volumes too small to be 
centrifuged should be inoculated directly with a pipette. 





3-28 ^ variety о! atmospheric conditions and incubation 
temperatures should be available for recovery of pathogenic 
microorganisms. Incubation temperatures should include at 
least 30°C, 35°C. and 42°C, along with acrobic, anaerobic, 
capneic, and microaerophilic conditions. Most routine aerobic 
cultures should be incubated at 35° to 37°C in a humid at- 
mosphere of 5*5 to 7*5 СО. The temperature, CO; content. 
and humidity should be monitored daily. The CO; content is 
measured with a gauge containing fyrite (shown). 
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3-29 [he temperature. humidity, and atmosphere must be 3-30 Media should be incubated as soon as possible after 
recorded daily. inoculation. As shown here, inoculated media is arranged in 
an orderly manner to minimize errors and avoid contamina- 
bar. 





3-31 Prereduced anaerobic plates can be held in an anaer- 
obie holding jar jor a short time before and alter inoculation. 





3-323 The GasPak anaerobic jar system (Becton Dickinson 
3-32 An anacrobic atmosphere can also be created in an Microbiology Systems. Cockeysville, Md.) contains a hydrogen 
anaerobic pouch that holds only two plates or in an anaerobic < amd CO; generator envelope, a disposable methylene blue indi- 
jar for three or more plates. cator, and а catalyst basket in the lid. 
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з-за The GasPak anaerobic pouch (Becton Dickinson Mi- 3-35 Porrecovery of Campylobacter spp.. a microacrophilic 
crobiology Systems, Cockeysville, Md.) is based on the same atmosphere can also be created in à pouch or a jar. 

principle. The hag is oxygen impermeable, and the system con 

tains its own gas-generating kit and cold catalyst. 





3-36 Recovery of some fastidious microorganisms (i.e. 3-37 The technologist is placing a blood culture bottle into 


Bordetella pertussis, Neisseria gonorrhoeae) requires a mi- the BACTEC 9240 Fluorescent automated blood culture sys- 
croaerophilic atmosphere (decreased O) that can be created fem (Becton Dickinson Diagnostic Instrument Systems, 
by burning a candle in a closed jar. Sparks, Md.). Each bottle is entered into a cell of the incubator 


and monitored every 10 minutes by a photocell feedback sys- 


Lem to a computer 


24 Color Atlas ol Diagnostic Microbiology 


«Ак, 





з-за The technologist is placing а blood culture bottle into 3-39 Direct smears should be methanol-fixed and stained 
the ESP instrument (Difeo Laboratories, Detroit, Mich.]. A us spon as possible after the slide is prepared and dried. 
connector is placed onto the top of the bottle before incuba- 

tion. Each bottle is entered into a cell of the incubator and 

monitored every 10 minutes by a pressure gauge interfaced to 

a computer. 





3-40 ‘tained smears should be read immediately alter 3-414 Specimen processing should also include a variety af 
staining. Abnormal results must be telephoned immediately rapid direct tests that can assist the physician with the pa- 
to a physician: the date and time of the call must be docu tient’s diagnosis. Examples include direct antigen tests, such 
mented. The type of urgent results that require a verbal report as a cryptococcal antigen latex agglutination test shown here 


should be listed in the procedure manual, 


CHAPTER 4 Gram Stain 


he Gram stain is used to classify microorganisms on the basis of their Gram 
staining characteristics, size, shape, and arrangement of cells. It is one of the 





few tests in clinical microbiology that can assist in the rapid, presumptive diagno- 
sis of an infectious disease. It is also used to assess the quality of the clinical spec- 
imen based on the somatic cellular content. Bacteria and fungi stain gram-positive, 
gram-negative, or gram-variable. The gram-variable appearance can be due to over- 
or under-decolorization, age of the microorganism, influence of antimicrobial treat- 
ment and other factors. The staining reaction is dependent on the microbial cell wall 
composition. The tightly cross-linked peptidoglycan layer and the teichoic acid 
found in gram-positive microorganisms cause them to be resistant to acetone-alco- 
hol decolorization. They retain the crystal violet stain and are purple in color. The 
lipopolysaccharide-rich cell wall of gram-negative microorganisms is disrupted by 
acetone-alcohol and the crystal violet leaks out of the less tightly cross-linked cell 
wall structure. The safranin counter stain can then be seen, rendering gram-nega- 
tive organisms pink in color. 

The size of most bacteria ranges from a large cell (10um to 30yum in length) 
to a small cell (Тит to 3pm in length). The shapes of bacteria are usually described 
as coccal, bacillary, or coccobacillary, and the arrangements as pairs, clusters, 
chains, branching, filamentous or corynelorm. Yeast can be seen as single cells, 
often with budding and/or hyphal filaments. Microorganisms may be seen intra- 
cellularly within somatic cells. Staining characteristics of individual bacterial cells 
include bipolar, headed and irregular. Ends may appear rounded, pointed, flattened, 
or swollen. Microorganisms other than bacteria and yeast observed in Gram stains, 
although they are better characterized with other stains, are Trichomonas tropho- 
zoites, Pneumocystis carinii cysts, Toxoplasma gondii trophozoites, and Strongyloides 
larvae. 

Somatic cells can also be seen in a Gram stain, best observed with methanol- 
fixed smears as shown here. White blood cells (WBC) and epithelial cells tend to 
stain a pink color whereas red blood cells (RBC) appear tan to bulf colored. The 
presence and rough quantitation of somatic cells should be noted when interpret- 
ing a Gram stain. 

Gram stains should be examined under low power magnification (10* 
objective) for the quality of overall staining, the thickness. and for evaluation of 
somatic cells; microorganisms should be observed under oil immersion (100% 
objective). 
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4-1 Polymorphonuclear leukocytes (PMN) and gram-posi- 
live lancet-shaped diplococci suggestive of Streptococcus prel- 
moniae (X 1250). The clear area surrounding the bacterial 
cells is suggestive of à capsule. А rapid direct bacterial antigen 
test may be performed on the clinical specimen to confirm the 
organism identification. 





хте 
4-3 Gram-positive cocci in chains resembling streptococci 
(1250). 





4-5 ЕВС and gram-positive cocci in tetrads | Ж 1250), Coeci 
are somewhat large, irregular, and vary in size suggestive of 
coagulase-negalive staphylococci, Aerecaccus, or Stomatocac- 
cus spp. Staphylococcus aureus cells are uniform in size and ap- 
pear as clusters of small cocci (~1 pm in diameter). 








4-2 PMN. red blood cells (RBC), and gram-positive cocci in 
pairs. 





4-4 Gram-positive cocci in pairs, tetrads. and clusters re- 
sembling staphylococci (X 1230) 





4-6  Intracellular, unevenly stained, pleomorphic, round, 
and gram-variable cocci (X 1250). In such cases, the gram- 
variable appearance may be due to phagocytosis and partial 
degradation of the microorganisms by the PMN. 
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4-7 RBC and gram-positive cocci in pairs, short and long 
chains, and clusters suggestive of mixed staphylococci and 
streptococci (X 1 250). 


4-8 Vaginal squamous epithelial cells with medium. 
straight gram-positive/gram-variable bacilli with rounded or 
blunt ends, some in chains, suggestive of lactobacilli 
(x 1250). Clear background and sharp epithelial cell edges 
typical of pattern seen with normal vaginal secretions. 
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4-440 PMN and large gram-positive bacilli (X 1250). There 
appear ta be two bacilli that are irregular in shape and stain- 
ing. giving the appearance of cocci in chains. The beaded ap- 
pearance may be due to the presence of spores, partial diges- 
tion by the PMN, or because the structure is a small piece of 
fungal hyphae. which stains unevenly with the Gram stain. 











4-8 REC and small to medium gram-positive bacilli with 
palisading and angular arrangements (X | 250]. Some appear 
coccobacillary, diphtheroidlike, and pleomorphic, which is 
suggestive of corynebacteria or Listerie monocyiogenes. 





4-10  Disintegrated WRC and — large gram-pos- 
itive bacilli resembling Clostridium perfringens or, rarely. Bacil- 
lus spp. (X 1250]. 
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4-12 Large. gram-variable bacilli with swollen ends 
[X1250). Some cells appear as drumsticks, suggestive of 
Clostridium ебат, 
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4-13 ГММ and long. thin, beaded, branching. unevenly 
stained gram-positive filaments suggestive of Actinomyces or 
Nocardia spp. (X 1250). The genus may be confirmed with a 
modified (partial) acid-fast stain. Nocardia spp. are partially 
acid-fast, 


4-14 Branching. lilamentous, slender gram-positive bacilli. 
If obtained from an aerobic colony. this morphology is sugges- 
live of Oerskovia spp. (> 1250). From a colony of а strict anaer- 
obe, this morphology suggests Clostridium spp. 


4-15  Oerskovia spp. fragment into coccoid forms after pro- 
longed incubation ( X 1250]. 
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Gram-Negative Microorganisms 


Gram-negative microorganisms can appear as cocci, coccobacilli, and bacilli. Cocci 
can appear as singles, in pairs with flattened adjacent sides, and in clusters. Coc- 
cobacilli are usually small to medium in size. Bacilli can vary in appearance from 
small, faintly staining rods to large, plump rods with bipolar staining, 












E Aa gx. 


4-16 КВС and gram-negative cocci in singles and pairs. 4-47 Urethral discharge with PMN and intracellular gram- 
The adjacent sides of the diplococci appear flattened (x 1250]. negative diplococei suggestive of Neisseria gonorrhoeae 
This microorganism is Neisseria meningitidis stained froma (1250). 

blood culture broth. 





4-18 КВС and small gram-negative coccobacilliin clusters 4-99 RBC and gram-negative coccobacilli in pairs subse- 
(*1250). This microorganism, stained from the blood culture quently identified as Acinetobacter spp. in a blood culture broth 
broth, was identified as Brucella spp. (X 1250). The morphology resembles Neisseria spp. and can be 
easily misinterpreted as gram-negative diplococci. The HACEK 
group of fastidious gram-negative bacilli (Haemophilus. Acti- 
nabacillus, Cardiobacterium, Eikenella, and Kingella). often de- 
tected as agents of endocarditis, can also appear as small coc- 
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4-20 ЕЕС and plump gram-negative bacilli with bipolar 
staining in a blood culture broth, suggestive of “coliforms,” 
belonging to the Enterabacteriaceae (21250), The short, thick 
bacilli are characteristic of Escherichia coli. 
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4-22 Poorly differentiated PMN and slender pleomorphic 
gram-negative bacilli suggestive of Haemophilus spp. or anaer- 
abes (X 1250). 











4-21 RBC and long gram-negative bacilli with rounded 
ends suggestive of Proteus or Pseudomonas spp. (X 1250) in a 
blood culture broth. 





4-23 Extremely pleomorphic, variably staining gram-neg- 
alive bacilli with pointed ends suggestive of Fusobacterium spp. 
{x13250}. 


4-24 А, ГММ, RBC, and slightly curved, comma-shaped, gull-wing. and S-shaped microorganisms suggest Campylobacter 
spp. (21250). B, Wright's stain of Borrelia sp. seen in a peripheral blood smear (X 1250). These helical bacteria measure ар- 
proximately 0.3 pm in diameter and up to 15 pm in length with up to 10 loose coils. 
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Yeast 


Yeast cells are larger than bacteria, usually ranging from 8 to 15 jum in size. They 
can appear as single cells with buds, in clusters, and with hyphal filaments. Stain- 
ing of cells can be somewhat speckled rather than confluent. 
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4-25 Round budding yeast cells with single blastoconidia 
and speckled, uneven staining surrounded by clear halos 4-26 Oval budding yeast cells and an irregularly stained 
[stain excluded hy the polysaccharide capsule) suggestive of — pseudohvphal filament suggestive of Candida spp. (X 1250). 
Cryploceccus spp. (X 1250). 


4-27 Unevenly stained 3 1o 4 pm width nondematiaceous 
hyphae with parallel walls and 45° branching and septations 
suggestive of Aspergillus spp. (x 1 250). 








CHAPTER 5 Micrococcaceae 


hree genera of the family Micrococcaceae have been associated with infections 
in humans: Staphylococcus, Micrococcus, and Stomatococcus. Of these, Staphy- 
lacaccus spp. are by far the most common cause of human infections. Both Micro- 
coccus апа Stomatococcus spp. can be found in the environment, as normal flora of 
the skin and respiratory tract, and as pathogens associated with catheter tips and 


other hardware. 





TEN 


5-1 Gram stain showing RBCs and gram-positive cocci 5-2 Colonies of Staphylococcus aureus on 
in pairs, tetrads, and grapelike clusters suggestive of Microcovc- 5% sheep blood agar. Typical appearance of 5, aureus 
caceae [X 1350). In this figure. the microorganisms are staphy- colonies is creamy buff colored colonies surrounded by a zone 


lococci. of complete B. hemolysis. 
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5-3 A, Colonies of coagulase-negative staphylococci on 5% sheep blood agar. Typical colonies 
of coagulase-negative staphylococci are nonhemolvtic and white, B, Colonles of Micrococcus spp. on 5% 
sheep blood agar. Typical colonies of Micrococcus appear lemon-yellow. Micrococcus spp. usually grow more slowly than 
staphylococci, sometimes requiring 48 hours of incubation before colonies are visible. 
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5-4 Gram stain of Micrococcus species. Mi- 


croscopically, micrococci are larger than staphylococci and 
appear іп tetrads rather than grapelike clusters (X 1250). 
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5-5 Catalase test. The test is performed by adding 
fo hydrogen peroxide (H 30) to a colony on a glass slide or by 
adding colony paste on a wooden stick to a drop of H-0- on a 
slide, as shown here. The appearance of bubbles indicates that 
the enzyme, catalase, has hydrolvzed H-0- into oxygen plus 
water. Staphylococci and micrococci are differentiated from 
other aerobic gram-positive cocci by a positive catalase test 
(right). No bubbles appear in a negative lest result (lernt). 





5-6 Fermentation of glucose 15 onc oí the melh- 
ods used to differentiate Staphylococcus spp. from Micrococcus 
snp. When grown in an oxidation-[ermentation (OF) medium, 
staphylococci produce acid (yellow color) from glucose under 
anaerobic conditions. created by layering mineral otl over the 
surface of the agar (tube on the left). The microorganism also 
utilizes glucose aerobically (tube on the right). 


5-7 Glucose oxidation in OF medium. Aic 
coccus spp. oxidize glucose (right, yellow color in the open tube], 
but do not ferment the carbohydrate (left, no color change 
[green] in the overlaid tube). The acid reaction produced by ox- 
idative organisms appears at the surface and gradually ex- 
tends thraughout the medium. 


34 Color Atlas oj Diagnostic Microbiology 


S- Bacitracin susceptibility test. Suscepiihil- 
ity to 0.04 units of the antibiotic bacitracin is also used to 
diflerentiate Staphylococcus spp. [rom Microcaccus spp. The sur 
lace of а Miaelker-tinton agar pate is inoculated with the mi- 
croorganism, the disk is applied, and the plate is incubated 
overnight. Staphylococci are resistant to 0.04 units bacitracin 
(zone of inhibition less than or equal to 9 mm, organism on the 
right) and micrococci are susceptible (zones of inhibition greater 
ihan or equal to 10 mm, organism on the left). 


5-9 Slide coaqgulase test performed on a 
glass slide. Cells from а lresh colony are inoculated into 
saline to make a smooth suspension ideft). and a drop of rabbit 
plasma is added. ЇЇ the organism possesses bound coagulase 
(“clumping factor"). the enzyme acts on fibrinogen in the 
plasma and causes clumping of the bacteria, as shown on the 
righi S. aureus is the most common pathogen among the cata- 
lasc-positive, gram-positive cocci, and it is casily differentiated 
from other staphylococci by the coagulase test. Coagulase is a 
thermostable enzyme found primarily in 5. aureus, There are 
two forms of coagulase; bound and Ггее, 


5-10 The tube coagulase test deiccts free coagu- 
lase. Microorganisms are incubated in plasma for 2 to 4 hours. 
and the tubes are turned on their sides, as shown here. Free 
спаршаѕе acis on prothrombin and fibrinogen in rabbit 
plasma and forms a fibrin clot (tube ort the left). 
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5-12 Antimicrobial susceptibility testing of 
S. aureus. Vost community-acquired strains of S. aureus 
are resistant to penicilin. 
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5-11 Mannitol salt agar. A, Mannitol salt agar dif- 
lerentiates 5. aureus from other catalase- positive gram-positive 
cocci. The medium contains 7.5% NaCl. which inhibits the 
growth ef many microorganisms. 5. aureus will grow and fer- 
meni mannitol resulting in acid production, which causes the 
phenol red indicator to change from pink to vellow (qeowth ат 
right half of this plate). The left half of the agar plate was inoc- 
ulated with cougulase-negative staphvlococci. Coagulase- 
negative staphylococci will grow on the medium, but because 
the organism does not ferment mannitol, the phenol red indi- 
cator does not change in color. and the colonies and sur- 
rounding medium appear pink. B, Colonies of Staphylococcus 
aureus on mannitol salt agar (close-up). Medium surrounding 
colonies has turned yellow. С, Opaque, shiny, yellow colonies 


of Staphylococcus aureus on mannitol salt agar (close-up). 





5-13 Oxacillin screen plate. Screening agar plate 
containing 6 pg/ml oxacillin in 4% NaCl-supplemented 
Mueller Hinton agar, used to detect methicillin (and axacillini 
resistant 5. aureus (MRSA). Oxacillin is used because it is a bet- 
ter indicator antibiotic. Growth that occurred after 24-hour 
incubation at 45°C from а spot of an inoculum of MRSA is 
shown on the top and the lack of growth of a methicillin-sus- 
ceptible S. aureus on the bottom. 
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5-14 Colonial morphology of Staphylococ- 
cus saprophyticus on 5% sheep blood agar. 


Colonies resemble those of coagulase-negative staphylococci. 





5-15 Novobiocin susceptibility test, used to 
dillerentiale 5. saprophyticus (resistant; microorganism оп the 
right) from other species of coagulase-negative staphylococci 
susceptible; microorganism on the left) encountered in urine 
specimens. 





CHAPTER 6 Streptococcaceae 


he family Streptococcaceae and related genera include nine genera encountered 

in the clinical laboratory: Aerococcus, Aloiococcus, Enterococcus, Gemella, Globi- 
catella, Lactococcus, Leuconostoc, Pediococcus, and Streptococcus. The more commonly 
isolated genera are illustrated here. The streptococci are catalase-negative, gram- 
positive, coccoid to coccobacillary in morphology, forming pairs and chains. Colo- 
nial morphology and hemolysis on 5% sheep blood agar are very helpful charac- 
teristics used for preliminary identification. Hemolysis is classified as alpha, beta, or 
gamma. 





6-1 Alpha hemolysis on 5% sheep blood 6-2 Colony of alpha-hemolytic strepto- 
agar plate. Alpha hemolysis is an indistinct zone of раг- соссі (x10). Microscopic view of alpha-hemolysis show- 
tial lysis of red blood cells (RBC) causing a green to greenish- ing the partially hemolyzed RBC immediately surrounding the 
brown discoloration of the medium immediately surrounding colony 

the colony. Viridans streptococcal colonies and pneumococcal 

colonies are alphahemolytic. 





6-3 Beta hemolysis on 5% sheep blood 6-4 Colony of beta-hemolytic streptococci 
agar plate. With beta hemolysis. there is complete lysisof = (x40). Microscopic view of beta hemolysis showing the 
RBC surrounding the colony ihat Can readily be seen macro- 


clear. colorless zone around the streptococcal colonies in 
scopicallv. 


which the RBC have undergone complete destruction, 
aa 
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6-6 Colony of nonhemolytic streptococci 
(<10). Macroscopically, there is no apparent hemolytic ac- 


6-5 Gamma hemolysis on 5% sheep blood 
agar. Gamma is а term used to denote lack of hemolysis: the 
RBC surrounding the colonies are intact. 


tivity or discoloration produced by the colony. 
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6-7 Gram stain of streptococci in broth 
culture (<1250). Gram stain of a positive blood culture 
broth demonstrating gram-positive cocci arranged in chains. 
Streplococel are normal microbiota in the upper respiratory 
tract and the gastrointestinal tract. For this reason, Gram 


6-8 Colonies of group A streptococci on 
5% sheep blood agar. Colonics of group A strepto- 
cocci on 5' sheep blood agar are small and surrounded by 
wide zones of beta hemolysis. 


stains of specimens [rom these sites are not helpful in diagnos- 


ing infections caused by the pathogenic streptococci, such as 
S. pyogenes and S. pneumoniae. 
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6-9 A,Colonies of group A streptococci on 5% sheep blood agar (left) and Streptococcus 
selective agar (SSA) (right), a primary selective isolation medium for group A streptococci, Observe that the colonies 
оп the SSA are smaller as can be seen on the plate on the right. Groups С, Е and G can also be isolated from 
the upper respiratory tract. and their colonies can be confused with group A streptococci if 5% sheep blood agar is used. 
Inoculation of a selective medium such as this, containing sulfamethoxazole (23.75 pg/ml) and trimethoprim (1.25 pg/ml), 
inhibits the growth of nongroup A betahemolytic streptococci as well as staphylococci, viridans streptococci, and gram-negative 
bacilli. B, Colonies of Streptococcus pyogenes on 5% sheep blood agar. Colonies are small i! mmi. 
translucent, and surrounded by a wide zone of beta hemolysis. 


6-10 РҮН test. The presence of an aminopeptidase en- 
zvme that degrades the substrate PYR (L-pyrrolidonyl-B- 
naphthylamide) is а 10-minute presumptive test for group А 
streptococci (beta-hemolytic] and Аетасоссив. Enterococcus, 
and Gemella (alpha- or nonhemolytic). A positive test is indi- 
caled by a red calor (disk on the right). 




















6-11 Bacitracin susceptibility test. The baci- 
tracin susceptibility test is an alternative to the PYR test for 
the presumptive identification of group А beta-hemolytic 
streptococci. A 0.04-U bacitracin disk is placed on an inecu- 
lum of the microorganism on sheep blood agar. After 
overnight incubation at 35°С, any zone of inhibition is inter- 
preted as a positive test, and the microorganism is presump- 
lively identilied as group A streptococci by bacitracin. 
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6-12 Gram stain of vaginal secretions shor- 
ing epithelial cells and gram-positive cocci in pairs, suggestive 
of streptococci (X 1250), Group B streptococci, S. agalactiae, 
can colonize the genitourinary tract of women, occasionally 
colonizing and infecting the neonate at delivery and therefore 
is the major cause af neonatal sepsis and meningitis. Micro 
scopically, this species usually occurs in pairs, as shown in this 
figure. 





] 


6-14 Hippurate hydrolysis test. Group В strepto- 
cocci and some enterococci can hydrolyze sodium hippurate, 
resulting in the formation of glycine and sodium benzoate. A 
suspension of the microorganism is incubated for 2 hours at 
35°C in a hippurate solution and then the indicator, ninhby- 
drin. is added. Deamination of glycine, if it is present, is de- 
tected by the development of a purple color within 10 minutes 
(tube on the left). A negative reaction (tube on the right) remains 


з г | 
colorless, 


6-13 Colonies of group B streptococci on 
5% sheep blood agar (*10). Group B streptococcal 
colonies are larger than other beta-hemolvtic streptococci, 
but the hemolytic zone surrounding the colony is smaller; 
compare zone size of beta hemolysis with Figure 6-8 on 
p. 38. 





6-15 CAMP Test. А positive CAMP test [or group B strep- 
tococci demonstrating the arrowhead-shaped enhancement 
of beta hemolysis that occurs when the hemolytic beta-taxin 
produced by S. aureus (the microorganism streaked horizon- 
tally across the sheep blood agar plate in this photograph) acts 
synergistically with the CAMP [actor protein produced by 
Group B streptococci (streaked perpendicular to the staphylo 

coccus but not quite touching}. The CAMP test. which is 
named for its discoverers, Christie, Atkins, and Munch-Peter- 
son. is an alternative to hippurate hydrolysis. 
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6-17 A,Colonies of Streptococcus pneumo- 
niae on 5% sheep blood agar. These young 
colonies are round with complete edges. somewhat mucoid, 
and about 1 mm in diameter. They are surrounded by a zone of 
alpha hemolysis. B, Colonles of Streptococcus 
pneumoniae an 5% sheep blood agar. Thise 
slightly alder colonies display the central indentation caused 
hy the easily induced autolysis typical of 5. pneumoniae. €x, 
Colonies of Streptococcus pneumoniae on 
5% sheep blood agar. (Occasionally, 5. prieumorniae 
colonies may simply flatten out as they age. 
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6-18 A,Colonies of Streptococcus pneumoniae on chocolate agar. Medium wis incubated in CO. re- 
sulting in fairly large zones of alpha hemolysis. B, Colonies of Streptococcus pneumoniae on chocolate 
agar (close-up). Colonies are guile [lal on chocolate agar. 


6-15 Optochin susceptibility test. Colonics of 
Streptococcus preumoniae are inhibited by the antimicrabic op- 
tochin (ethylhydrocupreine hydrochloride) contained in the 
paper disk applied to the surface of an inoculated 5% sheep 
blood agar plate. A zone of greater than or equal to 14 mm in 
diameter is presumptive identification for Streptococcus preu- 
monjae. No zone of inhibition is consistent with viridans sirep- 
ососсі. Zones ol less than 14 mm in diameter are question- 
able and should be confirmed with the bile solubility test. 








6-20 A, Bile solubility test. Streptococcus prevmoniae colonies will dissolve or lyse within 30 minutes at 35°C in the 
presence of 255 sodium desoxycholate. A drop of the reagent is applied directly to the colonies, which dissolve (plate on the right) if 
the organism is Streptococcus pneumoniae, Colonies on the blood agar plate on the left, also overlaved with bile, remain intact, in- 
dicating that the Isolate is not Streptococcus prewmoniae. B, Elie solubility test (close-up). Streptococcus рпепттолїнё 
colonies have dissolved in the bile added to the plate surface. After the bile has evaporated, only the zone of hemolysis remains, as 
ahi мА һеге 





6-21 Antimicrobial susceptibility testing of 
Streptococcus pneumoniae. ireplococcus preumo- 
niae can he tested for penicillin resistance using a 10 unit peni- 
cillin disk, a 1 we oxacillin disk or quantitatively with the E- 
test (AB Biodisk, Solna, Sweden), consisting af a plastic strip 
impregnated with increasing concentrations of the antibiotic 
fin this case, penicillin). Following overnight incubation. the 
point at which the elliptical zone of inhibition of growth of the 
isolate intersects the quantitative scale on the strip is inter- 
preted as the minimal inhibitory concentration (MIC). 





6-223 Optochin susceptibility test perlorimed on 
aspecies of viridans streptacocci. Colonies of viridans strepto- 
cocci are resistant to optochin, distinguishing these cam- 
monly encountered organisms from Streptococcus pneumoniae 
(shown in Figure 6-19]. 
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6-22 Gram stain of a viridans streptococ- 
cus species in blood culture broth («1250). 
There are numerous species of the viridans streptococci 
group, which are normal mucosal microbiota in mammals. 
Only а few require identification to the species level. such as 5. 
bovis. Microscopically, they usually appear in long chains. es- 
pecially when recovered from a blood culture broth medium. 





6-24 Identification of viridans streptococci 
with conventional blochemical reactions. Delni- 
tive identification requires several substrates including bile es- 
culin, arginine decarboxylase, 6.5% NaCl, lactose, mannitol, 
raffinose, sorbitol, arabinose, inulin, sucrose, and esculin 
(shown here). Other characteristics such as urease, Voges- 
Proskauer reaction, bile insalubility, aptochin resistance, and 
failure to grow at 10°C and 45°C, will help to identify the clin- 
ically significant isolates. 
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6-25 Colonies of Pediococcus spp. on 5% 
sheep blood agar. "iocus spp. resemble viridans 
streptococci in their colonial morphology, but microscopically 
they appear аз pairs, tetrads, and clusters. They may be distin- 
guished from other alpha-hemolytic microorganisms by their 
resistance to vancomycin (30 pg disk) (see Figure 6-26) and 


growth in 6.5% NaCl broth, They are also bile esculin-positive, 
but PYR-negative. 
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6-27 Monhemolytic colonies on 5% sheep 
blood agar plate. In the family Streptococcaceae, the 
nonhemolytic organisms include the Enterococcus spp.. some 
strains of viridans strepiococci, Lactococcus spp., an d Leuconos- 
tar spp. 





6-26 Vancomycin susceptibility test. «lino 
cus spp. are distinguished from other alpha-hemolytic organ- 
isms by their resistance to vancomycin. There is no zone af in 
hibition surrounding the vancomycin disk placed on an 
inoculum of Pediacoccus spp. (right side of plate) compared to а 
zone of inhibition surrounding the viridans streptococcus ileft 
side af plate’ 





6-28 Bile esculin slamt: sireptococcus bovis and the 
enterococci can grow іп the presence of 40% bile and can hy 
draly ze esculin bo esculetin. Esculetin and ferric citrate lorm a 
black complex In the agar, which contains 40% oxgall. A neg- 
ative slant remains tan colored (no color change) compared to 
black colored slant (positive shown here]. 





6-25 Colonies of Enterococcus spp. on 5% 
sheep blood agar plate. The colonies are raised, 
white to gray-white, range from (0.5 to 1.5 mm in size, and are 
usually nonhemolytic. 





6-31 Colonies of Leuconostoc spp. on 5% 
sheep blood agar plate. [niliully (he colonies reser- 
ole Enterococcus spp. as described in Figure 6-29. Upon contin- 
пей incubation (48 to 72 hours), a weak alpha hemolysis de- 
velops. Generally, these microorganisms can be distinguished 
from Enterocaccus spp. by their resistance to vancomycin and 
by gas formation from glucose in Lactobacilli MRS broth (Difco 
Laboratories, Detroit, Mich.) 


Streptococeaceae 45 





6-30 Bile esculin slant and 6.5% масі 
broth. The bile esculin slant (Jef) is black (positive), indicat- 
ing that the microorganism can prow in the presence of bile 
and hydrolyze esculin. Growth in a broth containing а salt 
concentration of 6.3% (iube on right) is indicated by turbidity 
and a change in the indicator from pink to yellow following 
overnight incubation, The reactions shown here confirm the 
identification of Enterococcus spp. A positive PYR test (Figure 
6-10) may also be used to confirm the identification of sus- 
pected Enteraceccus spp. Nonenterococcal group D strepto- 
cocci (S, bovis) are unable to grow in the presence of 0.5% 
NaCl broth. 





CHAPTER 7 Aerobic Gram-Positive Bacilli 


and Actinomyces spp. 


ommon genera of aerobic gram-positive bacilli include Bacillus, Corynehac- 
terium, Erysipelothrix, Gardnerella (gram-variable), Lactobacillus, and Listeria. 
Rare clinical isolates include species of Arcanobacterium, Oerskovia, and Rhodococcus. 





Also included in this section are Nocardia and Streptomyces, genera containing Ша- 
mentous, branching, gram-positive bacilli. 

Preliminary differentiation among these genera is based on microscopic morphol- 
ogy and the catalase reaction. Bacillus spp., Corynebacterium spp.. Listeria, Oerskovia, 
and Rhodococcus spp. are catalase-positive. Of these, Bacillus spp. is the only spore 
former. More examples of the microscopic morphologies of the gram-positive bacilli 
are presented in the Gram stain section. 


7-1 Gram stain of Sacilius spp. Large, gram- 
positive bacilli with squared-off ends measuring 0.8 x 7.5 
pm. occurring singly and in chains (X 1250). They may ap- 
pear gram-variable, Some species demonstrate endospores, 
which may be located centrally or terminally along the bacilli. 
The microscopic morphology may resemble that of Clostrid- 
ium spp. 


7-2 Colonies of Bacillus spp. on 5% sheep 
blood agar. Colonies of Bacillus subtilis аге smooth, round, 
and surrounded by a zone of beta hemolysis. Colonies can also 
appear rough and dry with shaggy edges. 
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7-3 Colonies of Bacillus spp. on 5% sheep 
blood agar. Some species of Bacillus are nonhemolytic 
with mucoid and spreading colonies resembling the Enterobüc- 
teriaceae and Pseudomonas spp. Colonies of Bacillus anthracis, 
the major human pathogen, are usually nanhemolytic. This 
ligure shows an environmental Bacillus sp. that rarely causes 
human infections. 


am c m nl 





7-5 Gelatin hydrolysis test. Many Bacillus spp. se 
crete proteolytic enzymes that can hydrolyze gelatin. In the 
method shown in this figure, exposed, undeveloped x-ray film 
is used as the substrate for detection of gelatinase activity. Hy- 
drolysis destroys the film's gelatin coating, leaving only the 
clear photographic film where the strip was immersed in the 
organism suspension. 
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7-4 Growth of Bacillus spp. on egg yolk agar. 
Reaction on egg volk agar is one of the characteristics used to 
identify Bacillus spp. Bacillus cereus is one of many species that 
produce the enzyme lecithinasc, demonstrated by a zone ої 
opacity (whitish color in the agar) extending away [rom the 
bacterial growth, as shown on the left. Lipase activity can alsa 
be detected on egg yolk agar. demonstrated by an oily looking 
sheen on the surface of the bacterial growth but not extending 
onto the agar. as shown on the right. 





7-6 Colonies of Listeria monocytogenes on 
5% sheep blood agar. Colonies of Listeria monocyio- 
genes are small (less than 1 mm in diameter), smooth, irregu- 
lar, and translucent. The colonies are surrounded by a very 
characteristic narrow zone of beta hemolysis on 5% sheep 
blood agar and may be confused with group B beta-hemolytic 
streptococci, Differentiating characteristics include Listeria’s 
narrow zone of beta hemolysis, positive catalase production, 
and growth on bile and hydrolysis of esculin. Both species hy 
drolyze hippurate. 
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7-7 Esculin hydrolysis test. Most strains of Listeria 
monocytogenes can hydrolyze esculin in less than 2 hours. This 
photograph shows positive reactions for bile esculin (tube ort 
left) and hippurate (right). These tests are described in Figure 
6-14 on p. 40 and Figure 6-28 on p. 44, 





7-98 Colonies of C. jJeikeium on 5% sheep 
blood agar. Colonics are smooth and whitish following 
overnight incubation in 5% to 10% CO». This species can 
cause life-threatening sepsis. 





7-8 Gram stain of Corynebacterium spp. 
(x1250). Small gram-positive bacilli appearing in palisades, 
V, and L forms resembling Chinese letters. Most of the 
Corynebacterium spp. isolated in the clinical laboratory are 
normal flora of the skin and mucous membranes. It is difficult 
to differentiate the nonpathogenic species from the patho- 
genic, C. diphtheriae and C. feikefum, on the basis of the Gram 
stain. 





7-10 Colonies of C. diphtheriae on 5% sheep 
blood agar. Corynebacterium diphtheriae grow well on 5% 
sheep blood agar as whitish, opaque colonies. 





7-11 Colonies of C. diphtheriae on Tinsdale 
agar. A selective medium should be used along with sheep 
blood agar whenever Corynebacterium diphtheriae is suspected, 
as well as to differentiate C. diphtheriae from other corynebac- 
teria. On the selective medium cystine tellurite agar or potas- 
sium tellurite (Tinsdale) agar. the colonies of Cerynebacteriun 
diphilherige have a gummetal. gray-black appearance. 
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7-13 Colonies of Corynebacterium spp. Some 
Corgnebacierium spp. (often called diphtheroids) appear as 
nonhemolytic, gray-white, small colonies and can easily be 
confused with colonies of streptococci, especially when iso 
lated from the respiratory tract. Some species appear white 
and opaque resembling coagulase-negative staphylococci. 
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7-12 Loeffler methylene blue stain. C. dplileriae 
demonstrate metachromatic granules when stained with ei- 
ther Loeffler met hvlene blue stain or Neisser stain, The stain is 
best performed on colonics grown on a Loeffler agar slant. 
Metachromatic deposits are reddish purple in Loeffler methyl- 
ene blue stain. 
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7-14 Gram stain of Lactobacillus spp. in vagi- 
nal secretions. Lactobacillus spp. appear as long, non- 
spore-forming gram-positive bacilli. They may also appear as 
short and pleomorphic coccobacilli, When they appear micro- 
scopically as coccobacilli, they can be misidentified as strepto- 
cocci. Lactobacilli are normal flora of the upper respiratory 
tract, intestinal tract, and vagina, although they often fail to 
grow in culture. 


7-15 Colonies of Lactobacillus spp. Colonies are 
alpha-hemolytic resembling viridans streptococci and 
Erysipelothrix. It may be necessary to differentiate these gër- 
era depending on the specimen source. In most cases, both 
lactobacilli and streptococci are normal llora and do not re- 
quire identification. They are usually resistant to vancomycin, 
Growth on TSI agar will diferentiate Erysipelothrix from lacto- 
hacilli, which are unahle їй grow. 
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7-16 Colonies of Erysipelothrix rhusiopathimea. 
Colonies are smooth, small (less than 1.0 mm in diameter). 
and transparent, A greenish color and/or «/hemolysis ap- 
pears as Ehe colonies age. 
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7-18 Gram stain of Gardnerella vaginalis 
(1250). Gardnerella vaginalis is а small, gram-positive to 
gram-variable rod-like microorganism that can be Isolated 
from the genitourinary tract of humans. This organism was at 
one time included 


Haemophilus. 


n the genera Сутеев and 





7-19 Colonies of Gardnerella vaginalis on 
chocolate agar. Aller 24 hours of incubation, colonies of 
Gardnerella vaginalis appear as Uiny, pinpoint colonies on 
chocolate agar. Isolation of the microorganism is nonspecific 
lor the diagnosis of bacterial vaginosis, since as many as 50% 


jit lil lis 


of women are colonized asymptomaticallv with G. wu 





7-17 Erysipelothrix rhusiopathiae on triplo 
sugar iron (TSI) agar. [risipelothrix rhusiopathiae 
demonstrates HS production along the stab line in a TSI agar 
slant within 48 hours of incubation at 35°С. This is a helpfu 
leature thal separates this organism from other gram-positive 
bacilli. 





7-20 Hippurate hydrolysis test. 
drolyzes sodium hippurate. This microorganism hydrolyzes 
1*5 aqueous sodium hippurate following а 2-hour incubation 
at 35°C as described in Figure 6-14 on p. 40. A positive reac- 


б. ТТЕ һу- 


tion is the development of a purple color within 10 minutes af 


ter the addition of ninhydrin. A negative reaction is colorless, 
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7-21 A, Colonies of Arcanobacterium 
haemalyticum (lef) and Streptococcus pyo- 
genes (right). Colonics of Arcanohacterium heemalyticum 
are tiny (0.1 to 0.5 mm in diameter), heta-hemolvtic after 48 
hours, and can he confused with streptococci when isolated 
from a throat culture. As shown here on the left, the colonies 
are nonhemolytic after overnight incubation, compared with 
the strong beta hemolysis of group A streptococci. Arcanahac- 
terium was previously included in the genus Corynebacterium, 
but it is catalase-negative. Microscopically, these gram-posi- 
tive bacilli resemble Corynebacterium spp. E, Colonies of Ar- 
canobacterium heemolyticum (top and Streptococcus pyogenes 


(bottoni) (close-up alter overnight incubation). 


7-22 Colonies of Hhodococcus on 5% sheep 
blood agar. Khodococcus is classilied within the “nocardio- 
forms" group. Rheodococcus equi was also previously Included 
in the genus Corynebacteri 
terium, The microorganism grows well on sheep blood agar. 


um as well as the genus Miycohae 


and colonies can resemble Klehsiellg, but it does not grow on 
MacConkey agar. Colonies usually develop a pink pigment af- 
ter prolonged incubation. 
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7-24 Colonies of Oerskovia spp. on 5% sheep 
blood agar. Oerskovia are motile gram-positive filaments 
that fragment into rodlike forms. This microorganism can be 
presumptively identified by its microscopic morphology, motil- 
ity, hydrolvsis of esculin, and yellow pigment on sheep blood 
agar. 
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7-23 A, B, Microscopic appearance of 
Rhodococcus sp. (x1250). Young cells from colonies 
less than 24 hours old appear elongated (А) and may even ap- 
pear rodlike. B, Cellular morphology changes to a more coc- 
enid farm within 24 to 48 hours. Mature forms may even be 
filamentous. Branched filaments may fragment into rods and 
cocci during the growth cycle. €, Modified Kinyoun 
acid-fast stain. Rhodococcus equi may be partially acid- 
fast when stained with a modified Kinyoun stain using 2% 
H3580, as the decolorizing agent. 





7-25 Very young colonies of Oerskovia on 5% 
sheep blood agar (x10). Oerskovia previously belonged 
to the unnamed coryneform bacteria of Centers for Disease 
Control (CDC) group A. They are characterized by colonies 
with a filamentous appearance that is observed with a light 
microscope under low power. 


7-26 Gram stain Nocardia spp. (51250). Мои 
dia species are branching. beaded. filamentous gram-positive 
bacilli. approximately 1 pm in diameter. They can also appear 
as coccoid or coccobacillary forms. Care should be taken when 
examining the slides because of the faint staining properties of 
these microorganisms and other actinomycetes. 





7-28 Colonies of Nocardia asteroides on 5% 
sheep blood agar. Colouies initially appear as powdery, 
and as they mature they can develop a number of colors, 
ranging [rom a chalky-white to yellow-orange, bull, red, pur- 
ple. brown, and black. Most colonies have an earthy odor. 
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7-27 Modified Kinyoun acid-fast stain. “асап 
species appear acid-fast when stained with a modified Kin- 
youn stain using 2% H3S0, as the decolorizing agent. This fea- 
ture helps to distinguish this microorganism from other actin- 
omvcetes, 


7-29 Colonies of Nocardia asteroides on BAY 
agar plate. Yellow-orange colonies of Necardia asteroides. 
The yellow color is more common with colonies of most М 
Cardia spp. 


7-30 Colonies of Nocardia asteroides grow- 
ing on BAY plate (=15). Colonies are large, dry. bumpy. 
and heaped aller 9 days incubation at 27°C. This morphology 
has been referred to as glabrous orange form. 
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7-32 Amino acid hydrolysis reactions of No- 
cardia brasilensis. (dentilication to the species level is 
usually made on the basis of hydrolysis of amino acids: casein, 
tyrosine, xanthine, and hypoxanthine. Clearing of the agar 
around the colony is interpreted as a positive reaction. Both 
casein and tyrosine are positive (left and right quadrants) on this 
plate. Xanthine and hypoxanthine (top and bottom quadrunts) 
are negative, 





7-317 Identification of the genus Nocardia with 
biochemical reactions. Mocarndin spp. are aerobic actin- 
omvceles thal reduce nitrate Lo nitrite (tube on left), hydrolyze 
urea (tube in center), and grow on the surface of a broth 
medium, such as the thioglycolate broth on the right. 





7-33 Amino acid hydrolysis reactions of No- 7-34 Amino acid hydrolysis reactions of 

cardia asteroides. All amino acid reactions are negative Streptomyces spp. All reactions are positive on this 

on this identification plate; casein, tyrosine, xanthine, and hy- identification plate. Unlike any Nocardia spp., Streptomyces spp. 

рохапіћіпе, hydrolyze casein, tyrosine, xanthine, and hypoxanthine. Colo- 
nial morphology resembles the chalky, dry white colonies of 
Nocardia spp. Although Streplemyces spp. are urea-positive, 
they are nitrate-negative, distinguishing the genera [rom No- 
cardia spp. 


7-35 Gram stain of Streptomyces spp. 
(x1250). Streptomyces spp. are characterized microscopi- 
cally by branching, beaded, gram-positive lilamentous bacilli, 


indistinguishable from Necerdia spp. Unlike Nocardia spp.. the 
partial acid-fast stain is negative. 





7-37 Colonies of Actinomyces spp. (10). 
These are the characteristic "molar tooth” colonies of Actino- 


myces israelii that develop in 1 to 2 weeks on agar plates incu- 
bated under anaerobic conditions. These colonies are heaped 
and raised with irregular margins. 





7-38 Biochemical 
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7-36 Gomori methenamine silver stain of 
Actinomyces spp. (1250). The slide was prepared 
from а tissue biopsy specimen. In the center is a characteristic 
"sulfur zranule," which consists of а granular microcolony 
surrounded by purulent exudate. The Actinomyces spp. are 
gram-positive bacilli that vary in size from short. diphtheroid 
farms to long, branching filaments. Unlike Noverdia spp. they 
are not partially acid-fast. 





identification of Actino- 
myoes Inraelii. Most Actinomyces spp. reduce nitrate toni- 
trite (red colored broth on right) including Actinomyces israelii. 
Additionally, Actinomyces israelii hydrolyzes esculin (back slant 
an left), but not urea (yellow slant in center]. 














CHAPTER 8 Enterobacteriaceae 


T he Enterobacteriaceae are the most common bacterial isolates encountered in 

the diagnostic laboratory. They can be isolated from a wide variety of speci- 
mens either as normal flora (predominantly in the intestinal tract) or pathogens. 
The gram-negative bacillary microscopic morphology is similar among all species. 
Colonies are usually large and gray on 5% sheep blood agar. Rapid lactose ler- 
menters appear pink on MacConkey agar and have a greenish metallic sheen on 
Eosin methylene blue (ЕМВ). The Enterobacteriaceae are very active biochemically 
and can be identified with a wide variety of tests. Four characteristics of the Enter- 
obacteriaceae are growth on MacConkey agar, oxidase-negative, glucose fermenta- 
tion, and reduction of nitrates to nitrites. 


B-1 Enterobacteriacese on 5% sheep blood 
agar. Characteristic colonial morphology on 5% sheep blood 
agar showing large, dull. grav. nonhemolystic colonies. Hemol- 
ysis is variable and not characteristic of any one genus. 


8-2 Proteus species on 5% sheep blood agar. 
Growth appears to spread as a film on the plate from the origi- 
nal colony or streak line, often extending in waves. This char- 
acteristic of Proteus spp. is called swarming and suggests that 
the microorganism is motile by means of flagella. 
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agar. Rapid lactose fermenting colonies of Klebsielle paeuno- 
niae appears pink, large, glistening, and mucoid, This strain is 
probably encapsulated and therefore appears mucoid, Al- 
though this appearance is associated with Klebsiella pnewmo- 
тае, itis not unique for that species. 
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8-3 А, E. coli on MacConkey agar. Rapid lactose 
fermenting strains of E. coli appear as shiny pink colonies on 
MacConkey agar В, Е. coll on MacConkey agar 
(close-up). C. E. coli on 5% sheep blood agar 
(close-up). Colonies are shiny, opaque, cream-colored, and 
attaln 2 to 4 mm diameter overnight. 





AA Ма У ——— 
8-5 Pigmented Serratia sp. on MacConkey 
agar. These colonies appear red and should not be confused 
with the pink color due to lactose fermentation shown in 8-3. 
Rare strains of Serratia spp. produce pigment, which is seen on 
all solid media including the blood agar plate. 
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H-G Enterobacteriaceae on MacConkey agar. 
All late lactose fermenters and lactese-negative species of the 
Enterobacteriacede appear as colorless (color of the medium) 
colonies on MacConkey. The colonies of the late lactose ler- 
menting species may appear faintly pink after 48 to 72 hours 
uf incubation. 


B-B Salmonella spp. and other Enterobacteri- 
aceae on Hektoen enteric agar. ЇЇ an organism does 
not ferment lactose, sucrose, or salicin, the colonies will ap- 
pear green (color of the medium). If the microorganism pro- 
duces H-S, an important characteristic of the Enterobacteri- 
aceae, the colonies will have black centers and will appear 
completely black with prolonged incubation. These black 
colonies are characteristic of most Salmonella spp. on HE agar. 








B-7 Enterobacteriaceae on Hektoen enteric 
agar (HE). Mos! species of Enterobacteriaceae, except for the 
rapid lactose fermenters including some Escherichia, Klebsiella, 
Enterabacter, and Citrobacter species, appear colorless on either 
MacConkey or cosin methylene blue (EMB) agars. Fecal speci- 
mens should he inoculated onto a more selective medium such 
as HE agar or xylose-Iysine-desoxycholate (XLD) agar to help 
diflerentiate enteric intestinal pathogens. Fermentation of 
lactose, sucrose, and/or salicin results in yellew or salmon col- 
ared colonies due to the pH change on the bromthymol blue 
and acid fuchsin indicators. 





B-9 identification of the Enterobacterinceme 
by the rapid spot test method. “pol fests are com- 





monly used for the rapid, presumptive identification of many 
microorganism groups. For this method, filter paper or a paper 
disk is impregnated with the substrate. To perform the test, 
ane or more colonies are selected with a sterile wooden appli- 
cator stick from the described medium and applied to the test 
surface. 


8-10 Oxidase spot test. Some microorganisms pos- 
sess either cytochrome oxidase or indophenol oxidase. which 
calalyze the transpert of electrons from donor compounds 
(NADH) to electron receptors (05). In this test, the substrate 
paraphenylenediamine dihydrochloride serves as an artificial 
electron acceptor for the enzyme oxidase. The dye ts oxidized 
and forms the colored compound, indophenol blue. For this 
test, filter paper is saturated with the substrate. Colonies of the 
microrganism to be tested are rubbed onto the filter paper 
with a sterile wooden applicator stick. An immediate color 
change to а deep blue indicates a positive test result (spot ort the 
right). The Enterobacteriaceae are oxidase-negative and theret- 
fore the inoculum should not change the color of the paper 
(spot on the left). 
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8-11 Indole spot test. Indole is one of the degradation 
products of the amino acid tryptophan. Indole produced by a 
microorganism grown in a medium that is rich in tryptophan 
can be detected by its ability to combine with certain alde- 
hydes to form a colored compound. For the spot test, filter pa- 
per is soaked with cither paradimethylaminocinnamaldehyde 
or paradimethylaminobenzaldehyde (Kovacs reagent). Colo- 
nies of the microorganism to be tested are rubbed onto the 
filter paper with a sterile wooden applicator stick. If paradi- 
methylaminocinnamaldehyde is used, a blue-green color ap- 
pears immediately in the presence of indole. If Kovacs reagent 
is used. a bright pink-red color develops. In this ligure. using 
filter paper soaked with paradimethylaminocinnamaldehyde, 
the colony on the right is positive while the one on the left 15 
negative. The pink color is the result of а lactose-positive color 
selected fram MacConkey agar. 





B-12 o-nitrophenyl-p[-D-galactopyranoside 
(ONPG) test. The enzyme B-galactosidase mediates lactose 
fermentation. Rapid lactose fermenters, however, possess a 
permease enzyme that speeds the reaction, yielding pink 
colonies on MacConkey agar. Production of B-galactosidase 
only results in delayed lactose fermentation (2 to 10 days). 
True nonlactose fercmenters possess neither enzyme. The 
ONPG test is a rapid test (4 hours) for B-galactosidase. B- 
galactosidase breaks down the substrate ONPG into a-nitro- 
phenyl. а yellow compound, and galactose. A yellow color in- 
dicates а positive test (right lube) and no color change 
(negative) indicates a true nonlactose fermenter (left tube). 


B-13 Methyl red—Voges-Proskauer (MRVP) 
test. Both tests are performed from the same inoculum sus- 
pension, which is divided for testing. The methyl red test is 
used to determine the pH of the end products of glucose fer- 
mentation, In converting glucose to pyruvic acid, some Enter- 
obacteriaceae produce acid end products (pH less than 4.4). 
which turn the methyl red indicator гей, while others produce 
acetoin (pH greater than 6.0), which turns the indicator yel- 
low. The Voges-Proskauer test delects acetoin. The reagents a- 
naphthol and KOH are added to the broth suspension. Acetoin 
is oxidized to diacetyl, yielding a red color (pH greater than 
6.0). The left set of tubes shows a positive MR and a negative 
VP (no color change). and the right set shows a negative MR 
and a positive VP. 
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8-15 Phenylalanine deaminase (PAD) test. This 
test is hased on the principle that some microorganisms can 
remove an amine group from the amino acid phenylalanine, 
resulting in the production of phenylpyruvic acid, A microor- 
ganism growing on a phenylalanine agar slant is tested by 
adding a few drops of a 10% ferric chloride solution. A green 
color (right tube) indicates a positive test result, The slant re- 
mains colorless with a negative test result (left tube). This test is 
helpful in differentiating the tribe: Proteae | PAD-positive) from 
the other Enterohacteriaceae (PAD-negative]. 


B-14 Citrate utilization test. Some ol the Enterobuc- 
teriaceae have the ability to utilize citrate as а sole source of 
carbon. In this test, a colony is inoculated onto the surface of 
a citrate slant and the medium is incubated overnight at 35°С. 
The medium contains sodium citrate, ammonium salts, and 
bromthyme! blue indicator. The presence of a blue color indi- 
cates Lhe presence of alkaline end products and à positive cit- 
rale test (left tube), If the test Is negative there is no color 
change (right tube). 
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8-17 Positive PAD and urea tests. Four species of 
the Enterobacteriaceae are PAD and urea-positive: Proteus 
mirabilis, Proteus vulgaris, Morganella morganii, and Providencia 
rettgeri, I the isolate tested produced these reactions and also 
swarmed on blood agar, it would Бе a Proteusspp. А spot indole 
test would identify the species: Proteus mirabilis is indole-nega- 
tive and Proteus vulgaris is indole-positive. The citrate test 
would differentiate the nonswarmers: Morganella morganii ts 
citrate-negative and Providencia retigeri is citrate-positive. 


Enierobacteriaceae Gl 


8-16 Urease test. Microorganisms that possess the en- 
zyme urease hydrolyze urea to ammonia and COs. The phenol 
red indicator turns cerise (dark pink) in the presence of the al- 
kaline end products. This figure shows three inoculated Chris- 
tensen's urea slants that were incubated overnight. The left 
and middle tubes are positive. The left tube was inoculated 
with Proteus mirabilis. a rapid urea hydrolyzer (2 to 4 hours}. 
the middle tube was inoculated with Klebsiella pneumoniae, a 
slow urea hydrolyzer (18 to 24 hours), and the right tube was 
inoculated with E. coli, a urease-negative microorganism. 
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8-18 Decarboxylase-dihydrolase tests. The de- 
carboxylase enzyme removes carboxyl groups from the amino 
acids lysine and ornithine. The dihydrolase enzyme removes a 
carboxyl group from arginine. Glucose base without the 
amino acid (left tube; contrel) and tubes containing glucose 
plus the amino acid substrates are inoculated. Decarboxyla- 
tion and dihydrolation are anaerobic reactions, so the inocu- 
lated tubes must be overlaid with sterile mineral oil to exclude 
air. Initially, all broths turn vellow due to acidification of the 
indicator (bromcresal purple) by the acid end products of glu- 
cose fermentation. If the amino acid 15 decarboxylated, the al- 
kaline end product causes the indicator to revert to an alkaline 
pH (purple). In this figure. arginine (second from left] and or- 
nithine (right tube) are positive and lysine is negative. 


B-19 Triple Sugar Iron (TS!) agar slant and r/b, 
tube. TSI agar detects fermentation of glucose, lactose and 
sucrose, H-S production, and gas formation. The medium 
contains one part glucose to 10 parts lactose and sucrose, fer- 
ric ammonium cilrale, and phenol red indicator. If the mi- 
croorganism lerments glucose alone, the entire tube (slant 
and butt) will turn acid (yellow): however. the microorganism 
will begin to degrade proteins on the agar surface, resulting in 
alkaline end products and a pink slant. If lactose and/or su- 
crose are fermented, the entire tube remains yellow because of 
the greater concentration of these carbohydrates. H»S reacts 
with ferric ammonium citrate to produce a black end product, 
ferrous sulfide. Gas formation is detected by the presence of 
bubbles or cracks in the agar. The r/b4 tube (Remel Laborato- 
ries, Lenexa. Kan.) is a manual commercial identification sys- 
tem. Five reactions can occur in the upper portion of the first 
tube: glucose and lactose fermentation. H58 production, gas 
formation, and phenylalanine deamination. Lysine decar- 
buxylation occurs in the lower (anaerobic) portion. In this ex- 
ample, glucose is fermented and H-S is produced in the TSI 
(left side). The yellow color indicating glucose fermentation is 
masked by the black end product of H-5 production. The same 
reaction appears in the upper portion of the r/b; tube: lysine is 
positive in the lower portion. This reaction suggests Salmonella 
spp. 


Enterobacteriaceae hi 





8-20 TSI slant reactions. The 107151 tubes have the 
following reactions* (left to right): 





Slant Butt = H5 Gas formation 
#1 acid acid ü ü 
#2 acid acid 0 + 
#3 alkaline acid 0 + 
#4 alkaline acid 0 () 
#5 alkaline acid 0 0 
#6 alkaline acid 0 i) 
#7 alkaline acid 0 + 
#& acid acid + i) 
ig alkaline acid slight Ü 
#10) alkaline acid + + 


"Acid = yellow; alkaline = red; H;5-posltive = black: gas © cracks. bubbles. 


8-21 гЬ, reactions. The eight r/b, tubes have the fol- 
lowing reactions": 


Slant Butt HS Gasformation PAD Lysine 


#1 acid acid О = 0 0 
#2 alkaline acid 0 0 0 0 
#3 alkaline acid OQ - ü ü 
#4 alkaline acid 0 ü 0 + 
йз alkaline acid 0 ü + 0 
$86 alkaline acid * D + 0 
#7 alkaline acid slight [} 0 + 
#8 alkaline acid + + ü + 


"Acid = yellow: alkaline = гей; H,S-positive = black: ges = cracks, bubbles: 
PAD positive = brown: lvsine-pasttive = тей, 
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8-22 r/b.medium and reactions. This tube has an 
upper (aerobic) and lower (anaerobic) portion. Indole is inter- 
preted in the upper portion and ornithine decarboxylase and 
motility are interpreted in the lower portion. This tube is simi- 
lar to the conventional MIO (motilitv-indole-ornithine) 
medium. 

The four r/b; tubes shown have the following reactions*: 





Motility Indole Ornithine 
rag | i E Ё 
RG 4 ü + 
He ü + () 





*Tndole-positive=ned i+ at the surface of the top porton, ornithine 
positive parle red, motility posilive=turbld medium with a lazy siab line 


CIT/RHAM — piT/RHA HT/RHAN 
aran АВАМ 1072911 


OP 7-31-04 pray 91309 


8-23 CIT/RHAM medium and reactions. lhe 
upper (aerobic) portion of this medium is for demonstration 
of citrate utilization, and the lower (anaerobic) portion is to 
detect rhamnose fermentation. 

[he four CIT/RHAM tubes have the following reactions": 





Citrate Rhamnosa 
#1 ü ü 
й2 0 + 
#3 + + 
#4 | Ü 


"Cltrate-posliive = Hug clteate-negatbe = green: rhismnose-pasitivc = 
yellow: rhamnase-negaiive = preen, 
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EXP 7-11} 


8-24 Characteristic reactions of Salmonella 
spp. (except Salmonella typhi) 


т rib, rib, CIT/RHAM 


alk/acid alk/acid ornithine + T 
H;S- HS + motile 

Iysine + indole 0 

PADO 








cmm 
r/h2 LOT 


LOT 1851 ЕР 71] 
EXP 11-3048 4 


B-25 Characteristic reactions of Salmonella 


typhi: 

TSI rib, rib, CIT/RHAM 
alk/acid alk/acid ornithine 0 oO 
slight H-5 + slight H55 + motile 


lysine + indole 0 
PAD U 
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8-27 Characteristic reactions of Yersinia en- 


terocolitic.a. 

т! nb, 

alk/acid alk/acid 

Н,5 0 lysine 0 
Не 0 


PAD О 


8-26 Characteristic reactions of Proteus vul- 


garis. 
т! rib, Hibs CIT/RHAM 
acid/acid alk/acid ornithine 0 TU 
HS 4 HS + motile 

РАП + Indole + 

lysine 0 


rib, CIT/RHAM 
ornithine + 0 4- 
non motile 

Indole + 
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8-28 Characteristic reactions of Shigella 


spp. 
TS! rib, Mbs » CIT/RHAM 
alk/acid alk/acid ornithine () 0/0 
H58 П lysine 0) nonmotile 

H-5 0 indole 0 

PADO 
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8-29 Characteristic reactions of E. coli using MICRO-ID strip. The MICRO-ID 
(Organon Teknika, Durham, N.C.) strip contains 15 biochemical tests for the rapid identification (4 hours) 
ol the Enterobacteriaceae. The system is based on the principle that the heavy inoculum suspension of the or- 
ganism to be tested contains high levels of preformed enzymes. The tests included in the system are Voges- 
Proskauer (VP). nitrate (№, phenylalanine deaminase (PD), H-S, indole (1), ornithine (OD) and lysine de- 
carboxylase (LD), malonate (М, urea (U). esculin (E), ONPG, arabinose (ARAB), adonitol (ADON), inositol 
(INOS), and sorbitol (SORB). The test results are interpreted visually, coded numerically, and compared to 
identification tables or the MICRO-ID profile code book to make the identification. The Interpretation of this 
example 15: 


VP N PD нз | OD LD M U E ONPG ААВ ADON INOS SORB 


о + ü о + + + 0 D OU + + 0 U ü 


The identification is E. coli and the profile code number is 234 30. The code was derived by dividing the tests 
into 5 groups of three and assigning a score to each. The first test of each set is given a score of 4, the second 
test is assigned a 2 and the third test is assigned a 1. If amy of the tests are positive, it is given its score, but it 
receives a (if it is negative. The numbers in a set can range from 0 to 7. 
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8-30 Characteristic reactions of E. coli using the АРІ 20 E strip. The АРІ 20E strip 
(bioMerieux Vitek, Hazelwood, Мо. is a self-contained system of 20 microtubes of dehydrated substrates. a 
miniaturized version of conventional procedures, designed for overnight incubation. Identification is made 
by adding necessary reagents and then visually interpreting the results. The tests included in the system are: 
ONPG, arginine dihvdrolase | ADC). lysine (LDC) and ornithine (UDC) decarboxylase, citrate (CIT), H55, urea 
(URE), tryptophan deaminase (TDA), indole (IND), Voges-Proskauer (VP), gelatin (GEL), glucose (GLU), 
mannitol (MAN). inositol (INO), sorbitol (SOR). rhamnose (RHA). sucrose (SAC). melibiose (MEL). 
ашу айп (АМҮ). and arabinose (АҢ А}. An oxidase test must be performed separately. Numerical coding of 
results allows computerized interpretation of patterns, lists of which are available in a codebook or in 
compulerized form. The interpretation of this example is: 


ONPG ADC LDC ODC CIT H,S URE TDA IND WP GEL GLU MAN INO SOR AHA SAC MEL AMY АНА 
+ D + + D 0 DB fF + D бй + + [D + + ff + (0 + 


The identification is E. coli and the profile code number is 5144552. The code was derived by dividing the 
tests into 7 groups of three (oxidase reaction is the third test in the last set) and assigning a score to each. 
The first test of each set is given a 1, the second test is assigned a 2 and the third test is assigned a 4. If any 
of the tests are positive, it is given its score and receives a 0 if it is negative. The total scores in a set can range 
from Ü to 7. 
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B-31 Characteristic reactions of Enterobacter aerogenes (top) and Enterobac- 
ter cloacae (bottom) using API 20 E strips. The interpretation of these tests in this example is: 


ONPG ADC LOC ODC CIT H,S URE ТОА IND VP GEL GLU MAN INO SOR RHA SAC MEL AMY ARA 
Edo + + б + + 7 0 0 O + юк O + + © Е + deo ded 
Ear + 0 + + + 0 D 0 0 + Far OF + + + + + + + + + 


The profile code number for E. садои (E clo) is 3305573. 
The profile code number for E. aeragenes (Е aer) is 5 30577 3. 
The major differences between the two species are the reactions with arginine, lvsine, and inositol, 
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8-32 Characteristic reactions of Proteus mirabilis (top) and Proteus vulgaris 
(bottom) using API 20 E strips. Тһе interpretation of these tests in this example is: 


ONPG ADE LOC ODE CIT H-5 URE TDA IND VP GEL GLU MAN INO SOR AHA SAC MEL AMY ARA 
F vul п 0 0 Ü + + + + + Ü P vul 0 + 0 O0 O QO + й + D 
P mir ü ü ü + + + + + LF D F mir 0 + d 0 ü ü ü о 0 Ü 


The profile code number for Р vulgaris (P vul) is 0674021. 
The prolile code number for P mirabilis (P mir) is 07 34000. 
The differences between the two species are the reactions with ornithine, indole, sucrose, and amvgdalin. 
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8-33 Characteristic reactions of Serratia marcescens (top), Enterobacter 
aerogenes (middle), and Klebsiella oxytoca (bottom) using API ZO E strips. 


ONPG ADC LDC ODC CIT H,S URE TDA IND VP GEL GLU MAN INO SOR RHA SAC MEL AMY ARA 
маг + 0б + + + 0 U 0 O0 + змаг + + + + + 0 + D + + 
E aer + M ck E + 0 р фо Q + E aer U + + + + + + + + + 
К оху + 0 + D + 0 0 O + + Koy 0 + + + + + + + + 4 


The profile code number for Serratia marcescens (8 mar) іх 5307723, 

The prolile code number for E. aerogenes (E aer) is 530577 3. 

The profile cade number for Klebsiella oxytoca (K oxy) is 324577 3. 

The differences herween S. marcescens and E. aerogenes are the reactions with gelatin, rhamnose, and melibiose. 
The differences between К. oxytoca and E. aerogenes are the reactions with ornithine and indole. 
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8-34 Characteristic reactions of Yersinia enterocolitica and Shigella sonnei us- 
ing API 20 E strips. 

















ONPG ADC LDC ODC CIT H,5 URE TDA IND VP GEL GLU MAN INO SOR RHA SAC MEL AMY ARA 
Yent wt 0 0 GOO + б 0 A Y eni U + + OO +f OU + U U + 
Sm w—/00 о + 0 п Q0 о 0 Q “ап Hp T п U + Ч 0 U + 


The profile code number for Yersinia enterocolitica (Y ent) is 1014522. 
The protile code number for Shigella sonnei (5 son) is 1104113. 
The differences hetween the two species are the reactions with ornithine, urea, sorbitol, rhamnose. and sucrose. 
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8-35 Characteristic reactions of Proteus mirabilis (top), Morganelia morganil 
(middle), and Proteus vulgaris (bottom) using АРІ ZO E strips. 


ONPG АОС LOC ODC CIT H,5 URE TDA IND VP GEL GLU MAN INO SOR RHA SAC MEL AMY ARA 
F mir 0 0 U н i - + + 0 0 P mir 0 + ü 0 0 O о 0 0 0 
Mmor 0 0 ü * 0 0 + + + 0 Mmor 0 + Ü 0 0 0 p 0 0 D 
F vul ü 0 0 i) i ' | І t Ü P vul 0 + 0 о 0 0 + oOo + Ù 


The profile code number for P. mirabilis (P mir) is 07 34000. 

The profile code number for M. morganii (M mor) is 0174000, 

The profile code number for P. vulgaris (P vul] is 067 4021. 

The differences between M. morganii and P. mirabilis are the reactions with citrate, 11,5, and indole. 

The differences between M. morgirii and E vulgaris are the reactions with ornithine, citrate, H-S. sucrose, and amygdalin. 





8-36 Comparing colonial morphology with biochemical identification. ^n important 
step in the final identification of an isolate is to compare the biochemical reaction with the colonial mor- 
phology and reactions on the primary plating media. In this example, the colonies of Salmonella spp. are 
H55-positive on the HE agar and the H25 is also positive on the API 20 E. 





CHAPTER 9 Other Gram-Negative 


Microorganisms 





he gram-negative microorganisms presented in this section are those that are 
| not in the family Enterobacteriaceae. Included are the Neisseria and Moraxella 


species, miscellaneous fastidious gram-negative bacilli (Haemophilus, Bordetella, Bru- 


cella, Pasteurella, Eikenellu, Kingella, and Capnocytophaga spp.). the curved or comma- 


shaped gram-negative bacilli (Campylobacter and Vibrio spp.). and the nonfermenta- 


tive gram-negative bacilli (Pseudomonas, Sphingomonas, Stenotrophomonas, 


Shewanella, Acinetobacter. and Flavobacterium spp.). 


Neisseria and Moraxella spp. 


* , m 
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8-1 Gram stain of Neisseria spp. Gram-stained 
smear of а blood culture showing gram-negative diplococci 
characteristic of Neisseria spp. The adjacent sides of the cell 
pairs look flattened or kidney bean-shaped. The diplococci can 
resist decolorization and, as a result, may stain gram-variable 
ar gram-positive ( x 12501. 


9-2 Neisseria meningitidis on chocolate agar. 
Neisseria meningitidis colonies on a chocolate agar plate incu- 
bated at 35°C in 5% COs and 55% to 60% humidity. The 
colonies are more gray than yellow and nonhemolytic, char- 
acteristics that distinguish the pathogenic species of Neisseria 
[rom most of the nonpathogenic species. In older cultures (48 
hours). a greenish cast can appear beneath the colonies in the 
area of heavy growth. 





9-3 Nelsseria meningitidis on 5% sheep blood 
agar. Colonies are round, smooth, opaque, glistening, and 1 
to 1.5 mm in diameter. The colonies are grayish in color and 
can appear pinkish, as shown in this figure. 





Other Gram-Negative Organisms ЁЗ 


d ELI.IL Г 


2-4 Neisseria  gonorrhoeae on modified 
Thayer-Martin (MTM) agar. MTM is а selective agar 
medium for the isolation of IN. qonorrhoeae. It contains antimi- 
crobial agents (vancomycin, colistin, nystatin, and trimetho- 
prim lactate) to inhibit gram-positive and other gram-negative 
microorganisms. molds. some yeast. and the swarming of Pro- 
teus spp. Alter overnight incubation at 35°C in 5% СО... 
colonies are small (0.5 to 1.0 mm in diameter). gray, glisten- 
ing. and opaque. They increase in size with prolonged incuba- 
tion. Cultures should be held for 72 hours before reporting as 
n egal n^. 





9-5 Moraxella (Branhamella) catarrhalis on 
5% sheep blood agar. Moraxella catarrhalis grows well 
on routine laboratory enriched media including blood and 
chocolate agar media. Colonies are usually opaque. round, 
and white, Microscopically. they may be confused with non- 


pathogenic strains of Neisseria spp. but they are as- 
sacharolytic in carbohydrate utilization tests. they reduce 
NO, and, unlike Neisseria spp.. they produce DNase. 


9-6 Identification of Neisseria spp. by carbo- 
hydrate utilization. The standard method for identilying 
Neisseria spp. is to determine acid in CTA (cystine-trvpticase 
agar) medium. a semisolid agar with 1% of each of the carbo- 
hydrates glucose. lactose, maltose, and sucrose. In this exam- 
ple acid is produced In both glucose and maltose, identifying 
the isolate as N. meningitidis. This is an insensitive method be- 
cause Neisseria spp. are oxidative, and the medium was de- 
signed to detect fermentative microorganisms. 
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9-7 identification of Neisseria spp. by API 
Quad-FERM-. API Ouad-FERM- (bioMericux Vitek, 
Hazelwood, Мо, |, а 2-hour method for determining carbohy- 
drate metabolism, identifies Neisseria spp. and Moraxella cu- 
tarrhalis, Tests include a carbohydrate control (CTRL), glucose 
(GLU), maltose (MAL), lactose (LAC) and sucrose (SUC). 
DNase, and beta-lactamase (b-LAC), Phenol red is the indica- 
tor. The reaction pattern shown here is characteristic of М 
meningitidis, compared to №. gonorrhoeae with an acid reaction 
in glucose only. 


Haemophilus spp. 





influenzae on chocolate 


3-5 Haemophilus 
agar. Haemophilus influenzeac colonies on chocolate agar аге 


smooth, round, entire, fat, somewhat opaque, and gravish in 
calor. Haemophilus influenzae requires both X and V factors for 
growth; both factors are contained in chocolate agar. 





3-8 Identification of Neisseria spp. by Neisse- 
ria/Haemophilus Identification (NHI) Gard. The 
NHI card (bioMerieux Vitek, Hazelwood, Mo.) utilizes 16 con- 
ventional and single-substrate chromogenic tests to differenti- 
ale Neisseria, Moraxella spp. and the HACEK (Haemophilus 
aphrophilus and Н, paraphirophifus, Ai Гоа я, Cardiobac- 
terium, Eikenella. and Kingella spp.) group of organisms. Tests 
alanine-p-nitroanilide (ALA). phenvyiphosphate 
(OPS), proline-p-nitroanilide (PRO), gamma-glutamyl-p 
nitroanilide (GGT), glycine-p-nitroanilide (GLY), lysine-p- 
nitroanilide (LYS), o-nitrophenyl-phosphorylcholine (PHC), 
glucose (GLU), sucrose (SUC), maltose (МИГ), triphenyl- 
tetrazolium (TTZ), resazurin (RES). ornithine (ORN), urea 
(URE), and penicillin С (PEN). Indole (IND) and catalase (CAT) 
tests are also required. The organism in this photograph is №. 
meningitidis. 





include 


9-10 Haemophilus influenzae on chocolate 
agar (close-up view). Colonics of mucoid, encapsulated 
strains of Haemophilus influenzae tend to be confluent, whereas 
nonencapsulated strains appear individually, as shown in this 
example. Colonies tend to have a musty odor. which has been 


described as smelling like "dirty sneakers." 


“af 
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9-11 A, Identification of Haemophilus influenzae by X and V strips. The growth requirements for X-factor 
(heme compounds) and V-factor (nicotinamide adenine dinucleotide [МАР], also known as coenzyme L or nicotinamide adenine 
dinucleotide phosphate [NADP]. also known as coenzyme Il are important features for identifying Haemophilus spp. In this 
method, filter paper strips or disks are impregnated with X factor, V factor, and both factors. A suspension of organism is spread 
onto a medium that is devoid of the factors, and the strips are then applied, The plate is incubated overnight in 5% CO; and 
observed for the presence of growth surrounding the disks. This isolate grows only in the presence of both X and V factors. indi 
cated by the faint haze of growth surrounding the XV strip. B, Heemophilus influenzae satelliting around 
Staphylococcus aureus. The blood in the agar provides the hemin (X factor], and the staphylococcus supplies the NAD 
V factor! allowing growth of the Haemophilus influerzae near the streak. 





8-12 Identification of Haemophilus influenzae 9-13 Haemophilus parainfluenzae on choco- 
hy the Porphyrin Production Test (PPT). This res! late agar. Colonics of H. parcinflwenzae are approximately 3 


dillerentiates Haemophilus parcinfluenzae (positive) from mm in diameter, round, somewhat opaque, and glistening 
Haemophilus influenzae (negative). H. pardinfluenzae possess an This species is commonly found in the upper respiratory tract 
enzyme, porphobilinogen synthase, that converts &-aminole- as part of the normal flora. [t is Important to distinguish it 
vulinic acid into porphyrins and porphobilinagen. Kovacs from Haemophilus influenzee, a probable pathogen in the lower 
reagent (p-dimethylaminobenzaldehyde) detects porpho- respiralory tract, Both species can cause urethritis, postpar- 
bilinogen. Porphyrins produce reddish fluorescence under a tum and neonatal sepsis. Differentiation of the species is per- 
Wools lamp (UV light at 360 nm). With Kovacs reagent, H. formed with the X and V strips (Figure 9-11) or the рогрћугі 
parainffrenzae appears red and H. influenzae remains colorless. production test (Figure 9-12), 


Under a Woods lamp, a broth culture of H. parainfluenzee uo- 


resces and H. mflierzae does not, as shown here. 
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9-14 Identification of Н. parainfluenzae and 
Haemophilus aphrophilus with Minitek sugars. 
The Minitek biochemical differentiation system (BEL Microbi- 
ology Systems, Cockeysville, Md.) utilizes paper disks impreg- 
nated with substrates to ald in the differentiation of gram-pos- 
itive and gram-negative microorganisms. anaerobes, and 
yeast. There are approximately 40 different substrates that 
may be used optionally in the system. A 20-well plastic plate is 
used for testing. In this example, the following carbohydrates 
are tested: glucose (D), maltose (M), sucrose (Su), lactose (L), 
mannitol (MN), and xylose (X1. 





Hpar D M Su L MN X 
| - + + 0 0 0 
Haph D M Su L MN X 
+ + + + () ü 
The distinguishing feature is that Haemophilus aphrophilus uti- 
lizes lactose. 


Bordetella, Brucella, and Pasteurella spp. 


9-15 Gram stain of Brucella cells (x1250). Very 
tiny gram-negative bacilli isolated from a blood culture of a 
patient with brucellosis. Both Bordetella and Pasteurella spp. 
may have a similar morphology. 





9-16 Bordetella bronchiseptica on 5% sheep 
blood agar. Colonies are large (3 mm in diameter), flat. 
and dull. They grow well on 5% sheep blood agar incubated 
overnight. Their appearance and odor on blood agar is similar 
to many of the nonfermentative gram-negative bacilli, but 
they do not grow on MacConkey agar. Rapid urea hydrolysis 
distinguishes this species from many other microorganisms. 
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S-17 identification of Bordetella bronchisep- 
tica by urea. Bordetella bronchiseptica hydrolyzes urea 
rapidly. A pink color has begun to develop on the left slant 15 
minutes alter inoculation. The right slant turned strongly 
pink during overnight incubation. 


B-19 Colonies of Brucella sp. on chocolate 


agar. Growth of Brucella sp. on chocolate agar alter 4 days of 


Incubation. Colonies require prolonged incubation to attain 
sufficient growth for further biochemical testing. 


8-20 Identification of BHrucella spp. by nitrate 
and urea. Some Brucella species hydrolvze urea in less than 
30 minutes and reduce nitrates to nitrites or nitrogen gas. This 
isolate is urease-positive and reduced NO, to МО. Alter 48 
hours incubation in nitrate broth, sulfanilic acid and alpha- 
naphthylamine are added. The presence of nitrite is indicated 
by а red color change. If nitrate was not reduced or was re- 
duced past nitrite to nitrogen gas, the broth remains colorless, 
A negalive-appearing nitrate broth is confirmed by adding 
zinc dust, which reduces the unreduced nitrate to nitrite and 
causes the indicator to turn red, as shown here. 


“J 
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9-18 Colonies of Brucella sp. on 5% sheep 
blood agar. These colonies of Brucella are 48 hours old. 
These microorganisms are slow-growing, but most strains will 
grow on laboratory media without added enrichment. Growth 
may take 48 hours to become visible and even longer for a 
subculture from à single colony to grew. Colonies are small, 
raised, white ta cream in calor, and glistening. The agar plate 
should be incubated at 35°C in 5% to 10% СО, for 7 days be- 
fore discarding às negative. 
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2-21 Pasteurella multocida on S% sheep 
blood agar. E multocida is a somewhat fastidious organism 
that grows slowly on 3% sheep blood agar as a round grayish 
nonhemolylic colony. It is oxidase- and catalase-positive and 
produces indole and ornithine decarboxylase. 





BS-22 Eikenella corrodens on 5% sheep blood 
agar. Microscopically, Eikenella corrodens are tiny gram-neg- 
ative bacilli. They are fastidious microorganisms and thei 
growth is enhanced by CO; and the X factor. The microorgan 
ism grows on 3% sheep blood agar and pits or corrodes the 


agar surface; colony edges tend to spread. The colonies are dis- 
tinguished by their bleachlike odor. The species is oxidase-pos 
itive and catalase-negative. This microorganism does nol grow 
on MacConkey agar and is indole- and urea-negative. It docs 
reduce nitrate to nitrite and produces lysine and ornithine de- 


carbo yInses. 


8-23 Kingella kingae оп S% sheep blood agar. 
Microscopically, Kingella spp. are pump gram-negalive coc 
cobacilli and сап appear ав gram-positive because of their ten 
dency to retain crystal violet. Colonies are oxidase-positive 
and catalase-negative, Colonies of Kingella kingee are beta- 
hemolytic, and the species is indole- and nitrate-negative. 
They “гё fastidii Ls microorganisms: arom ih on Mactonkev 


agar is variable. 





8-24 Colonies of Kingella kingae on 55; sheep 
blood agar showing ij-hemolysis. This ligure shows 
the very distinct beta hemolysis displayed when the agar plate 


iš held up loa Пећ source. 








2-25 Colonies of Capnocytophaga on 5% 
sheep blood agar. They are fastidious. facultative anaer 
obes and may appear as tiny yellow colonies after overnight 
growth on blood agar. Growth is enhanced by CÓ. Colonies 
are slow-growing and often require 48 hours to detect distinct 
colonies, Microscopically. Capnocytophaga spp. are thin. gram- 
negative bacilli with pointed ends. These microorganisms 
were previously classified as Bacteroides spp. and as CDC group 
DF-1. 


8-26 Capnocytophaga on chocolate agar. 
Growth on chocolate agar shows the effect of gliding motility 
on the colonies produced by these microorganisms. A film sur- 
rounding the colonies is characteristic for growth of this 
microorganism. These microorganisms do not grow on Mac- 
Conkey agar and are catalase-, oxidase-, indole-. and urea- 


negate 
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Campylobacter and Vibrio spp. (curved gram- 


negative bacilli) 
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8-27 Gram stain of Campylobacter spp. 
(1250). Microscopically, Campylobacter spp. appear as 
curved, comma-shaped, S-shaped, and gull-winged gram- 
negative bacilli. These shapes result from two cells remaining 
attached after division. 








8-28 Identification of Campylobacter jejuni by 


nalidixic acid susceptibility. This microorganism 
grows best at 42°C, but will not grow at 25°C. It is mi- 
croaerophilic, requiring 3% to 15% О, and 3% to 5% CO. Se- 
lective media (i.c., CAMPY blood agar) is required to isolate 
this organism from mixed flora. It is oxidase- and nitrate-posi- 
tive and urea-negative. A distinguishing characteristic is its 
susceptibility to nalidixic acid (top disk) and resistance to 
cephalothin (bottom disk). 


9-29 Campylobacter jejuni on TS! slant with 
lead acetate strip. H-5 is detected with lead acetate pa- 
рег, but not in the TS! medium. Campylobacter jejuni alse hy- 
drolyzes hippurate (Figure 6-14 on p. 40]. 
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Э-ЗО А, Vibrio cholerae on 5% sheep blood agar. Colonics of Vibrio cholerae grow well on most routine labora- 
tory media, Growth is enhanced by addition of 1% NaCl. Vibrio cholerae tolerates 3% NaCl. is axidase-positive, ONPG (8-12), in- 
dole-, lysine- and ornithine-posilive, B, Vibrio cholerae on thiasulfate-citrate-bile salts-sucrose (TCBS) 
agar. (Colonics of Vibrio cholerne appear yellow due to sucrose fermentation on TCBS. Most other gram-negative bacilli are in- 
hibited. 





9-31 A, Vibrio parahaemolyticus on 5% sheep blood agar. Vibrio mrahaemolticus does require NaCl for 
growth and can tolerate 8% NaCl. Colonies on 5% sheep blood agar are approximately 1 to 3 mm in diameter, dull, and can as- 
sume a pale blue-green color, Colonies grow well on MacConkey араг, are indole-, oxidase-, lysine-, and ornithine decarboxylase- 
positive. This species ferments glucose, maltose, and mannitol, This organism has been associated with wound infections and gas- 
troenterilis. B, Vibrio parahaemolyticus (green colonies) and V. cholerae (yellow colonies) on TCBS. 
V. parahiemolyticus does not ferment sucrose; thus colonies are green. 
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Nonfermentative Gram-Negative Bacilli 


9-32 Oxidative-fermentative (OF) medium. 
Bacteria incorporate carbohydrates by both oxidative and fer- 
mentative pathways, as detected in OF medium (Hugh and 
Leifson's) with bromthymol blue pH Indicator. The low pru- 
tein-to-carbohydrate ratio in OF media prevents the neutral 
ization of weak acid by alkaline end-products. The microor 
ganisms described in this section are oxidative and 
nonoxidative gram-negative bacilli. The tube on the left can- 
tains the basal medium alone: the other two tubes contain 
dextrose. A positive test (oxidative) is indicated by a yellow 
color (center tube) and a negative test (nonoxidative, nonfer- 
mentative) shows no color change (green, right tube). Fermen- 
tative microorganisms produce acid in both the oxidative 
open) tube and the fermentative tube (overlaid with mineral 


ail. Figure 5-6 on p. 3131. 





Pseudomonadaceae 





9-33 A, Pseudomonas aeruginosa on 5% sheep blood agar. The colonies of FE aeruginosa on blood agar are 
typically yellow-green and beta-hemolytic. Fluorescein pigments are produced by some species. but pyocyanin (blue-green) pig- 
ment is produced by P. aeruginosa alone. Most colonies have a distinct grapelike odor due to aminoacetephenone. Р. aeruginosa 
may he distinguished from other species hy its ability to grow al 42°C. B, Pseudomonas aeruginosa on B% sheep 
blood agar. Oblique lighting demonstrates metallic sheen ou the surface of colonies 





8-34 Pseudomonas aeruginosa on Mac- 
Conkey agar. Flat, blue-green colonics with very distinct 
feathered edges growing on MacConkey agar. Colonies grow 
well at 35°C aerobically. They will also grow at 25°C. 





9-36 Psevdomonas aeruginosa on TS! slant. 
Оп a TS! agar slant Pseudomonas aeruginosa appears as a blue- 
green, somewhat metallic, lluarescent layer of growth. 
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5-35 Pigment production by Pseudomonas 
aeruginosa. Two strains of Pseudomonas aeruginosa grow- 
ing on MacConkey agar. The red pigment is due to the produc- 
tion of pyorubrin. a nonfluorescent, water-soluble pigment, 
and the yellow-green color is due to pyocyanin, à fluorescent, 
water-soluble pigment. 





2-37 Identification of Pseudomonas aerugi- 
поза by characteristics in GNF tube. Tho МУГ Sys- 
tem (Кете! Laboratories, Lenexa, Kan.) is used for the identifi- 
cation of gram-negative bacilli that do not belong to the 
Enterobacteriaceae. The system consists of the GNF (glucose- 
N-fluorescein) tube, the 42P tube (Figure 9-38) and the Uni- 
N/F-Tek plate (Figure 9-39). This microorganism produces a 
flnorescing pigment (under a Woods lamp]. The red area un- 
der the constriction indicates № gas production. P. aeruginosa 
does not lerment glucose. 
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B-3B Identification of Pseudomonas aerugi- 
nosa by GNF, urea, and Pseudosel (32P) agar. 
[n this ligure the GNF slant described in Figure 9-37 is on the 
left, a positive urea slant (Figure 8-106 on p. 61) is in the center. 
and 42Р. the second tube of the N/F screen, is on the right. The 
42Р medium, also known as pseudosel аваг, is incubated а! 
42°C for 18 to 24 hours. This microorganism grew al 42°C 
and produced the blue-green pyocyanin pigment. Based on 
the reactions in this figure, the microorganism can be defini- 
tively identified as Pseudomonas aeruginosa. 





5-40 Pseudomonas stutzeri on 5% sheep 
blood agar. Characteristic colonies of Psewdomonas stutzeri 
on 5% sheep blood agar are bufl-colored, dry, wrinkled, and 
adhere to the agar surtace, making it difficult to remove them 
from the plate. Most strains grow at 42°C and reduce nitrates 
to nitrogen gas. 





8-329 Identification of Pseudomonas aerugi- 
nosa by Uni-N/F-Tek Plate. The Lni-N/F-Tek plate 
(Remel Laboratories, Lenexa, Kan.) is a 13 test unit consisting 
of HS, indole. a carbohydrate control, glucose, xylose, man- 
пг, lactose, maltose, acetamide, esculin, urea, DNase, and 
ONPG (Figure 8-12 on p. 59). Reactions for Pseudomonas 
aeruginosa are: 


GLU XYL МАХ LAC MAL ACET 
+ + + + ü И 

Esc Urea DNase ONPG H,5 IND 
0 + + + 0 0 





9-41 Sphingomonas (formerly Pseudomonas) 
paeucimobilia оп 5% sheep blood agar. Colonics of 
Sphingemonas pauchmohilis on 5% sheep blood agar are small 
and yellow-pigmented after 24 hours of incubation. This 
species was previously known as Pseudomonas paucimobilis 
and CDC group llk-1. It is a slow-growing microorganism at 
35?C, but optimal growth occurs at 30°C. This microor- 
ganism does not grow at 42°C or on MacConkey agar. It is 
oxidase-, esculin-, ОМРС-, and DNase-positive and nitrate- 
and indole-negative. 





8-42 Stenotraphomonas (Xanthomonas) mal- 
tophilila on 5% sheep blood agar. Colonics of 
Stenotrophomenas maltaphilia on 5% sheep blood agar аге 
chartreuse to lavender-green and have a characteristic strong 
ammonia odor. Unlike other pseudomonads, this species Is ox- 
idase-negalive. It is resistant to many antimicroblals, al- 
though trimethoprim-sulfamethoxazole is usually effective. 





3-44 Shewanella (Pseudomonas) putrefa- 
ciens on 5% sheep blood agar. Shewanella isthe new 
genus name for the microorganism previously classified as 
Pseudomonas putrefaciens and CDC group Ih. Colonies of She- 
wanella putrefactens on 5% sheep blood agar are slightly vis- 
cous and mucoid and pinkish to red-brown or orange-tan in 
color. 
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9-43 Identification of  Stenotrophomonas 
(Xanthomonas) mattophilia by the Uni-N/F-Tek. 
Reactions for Stenotrophomonas maltophilia arc: 


GLU XYL MAN LAC MAL ACET 

weak 0 0 ü + (] 

ESC Urea DNase ONPG HS IND 
+ - * + 0 0 





5-45 TS! reaction of Shewanella (Pseudo- 
monas) putrefaciana. Tho key characteristic that differ- 
entiates Pseudomonas putrefaclens from frequently encoun- 
tered nonfermenters and other related microorganisms is its 
ability to produce large amounts of H;5 in TSI or KIA slants, 
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58-46 DNase agar. Production of the enzyme DNase, 
which hydrolyzes DNA, may be used to differentiate nonfer- 
menting gram-negative bacteria as well as Staphylococcus at- 
reus and Serratia marcescens. This DNase lest medium contains 
toluidine blue complexed with DNA. Hydrolysis of DNA by the 
inoculated microorganism causes changes of structure of the 
dye to vield a pink color. Toluidine blue may inhibit growth ol 
some microorganisms. so equivocal results should be retested 
with another method 
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8-47 Acinetobacter (Acinetobacter eal- 
coaceticus var. anitratus) baumannii on Mac- 
Conkey agar. Acinetobacter Гаштан was formerly desig- 
nated as Acinetobacter calcouceticus var. anitratus, Moraxella 
hwofff, Herellea vayinicole, and Mima polymorpha. They do not 
produce a pigment on blood agar. but appear faint pink on 
MacConkey agar, as shown in this figure. They are oxidase- 
and nitrate-negative. Microscopically, these microorganisms 
appear as coccobacilli. predominantly in pairs, and for this 
reason they have been confused with Neisseria and Moraxella 
spp. 


5-48 Flavobacterium meningosepticum on 5% 
sheep blood agar. Colonies of Flavobacterinm 
meningesepticum on 5% sheep blood agar after 48 hours of in- 
cubation are approximately 3 mm in diameter. Growth on 
MacConkey agar is variable, and most strains are oxidase-pos- 
itive. This species is indole-, esculin-. ONPG-. and DNase-posi- 
tive, urea-negative, and nonmulile. 


3-49 Burkholderia (Pseudomonas) cepacia 
on MacConkey agar. This species, formerly known as 
Pseudomonas cepackt, grows slowly, especially when recovered 
from cystic fibrosis patients, in whom it is a significant 
pathogen. Colonies on MacConkey agar are often bright pink 
or red alter prolonged incubation (as shown here) due to lac- 
tose oxidation. The species is oxidase-positive, although many 
strains display a weak oxidase reactivity. Most strains are ly- 
sine decarboxylase-positive and oxidize a number of sugars. 


including lactose. 


28-50 Legionella pneumophila on buffered 
charcoal-yeast extract (BCYE) agar. BYE agar is 
à selective medium for the recovery of Legionella spp. This 
buffered medium is the agar of choice for the isolation of Le- 
giela spp. because It contains the requirements for optimal 
growth of the microorganism: L-cysteine, iran salts, and a pH 
of 6.9. Antibiotics are added to inhibit the growth of other 
bacteria, Growth appears In 2 to 3 days, and the colonies are 
circular, glistening, entire, and measure up ёо 4 mm. as shown 
here, 
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10 Anaerobic Bacteria 


naerobic bacteria are unable to multiply in the presence of atmospheric oxy- 
gen, although they have varying degrees of oxygen tolerance. The pathogenic 


strains are divided into two groups: exogenous pathogens, primarily the spore-form- 


ing clostridia that live in the soil and contaminate wounds or sporulate in foods to 


cause disease; and the endogenous pathogens, normal inhabitants of human 


mucosa or lumens that cause disease when they enter a normally sterile site after 


traumatic breakdown of the normal mucosal integrity. 


Specimens must be protected from air during collection, transport, and laboratory 


handling to maximize recovery of these fastidious microorganisms. Because ol the 


time and resources necessary to perform good anaerobic microbiology, most lab- 


oratories limit anaerobic processing to specimens likely to harbor anaerobes, such 


as abscess aspirates, deep tissue biopsies, and specimens collected through a pro- 


tected catheter system. 





10-1 Colonies of Bacteroides fragilis on Bru- 
cella blood agar. Bacteroides spp. as well as other anaer- 
obic gram-negative bacilli grow best on this nonselective 
medium. Agar must be supplemented with hemin and vita- 
min K1 to support the growth of many species of anaerobes. 
These colonies appear as circular, entire, and raised. 


8 





10-2 Colonies of Bacteroides fragilis on Bac- 
teroides bile esculin (BBE) agar. This medium con- 
tains gentamicin to inhibit facultative gram-negative bacilli, 
Bile salts inhibit most anaerobes other than those of the В. 
fragilis group, which grow as large, gray to black colonies due 
to their hydrolysis of esculin in the medium. 





10-3 Growth of clostridia on egg yolk agar. 
The production of the enzymes lecithinase, opaque while pre- 
cipitate extending from the colony into the medium (right 
side), and lipase, iridescent sheen on surface of colony (left 
side) is used to differentiate among Clostridium species and to 


help identify some Fusobacterium species. 
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10-4 Nitrate disk test. To test for reduction of nitrate 
to nitrite, a nitrate-impregnated Шет paper disk is placed onto 
the inoculum of an anaerobic subculture of the microorgan- 
ism. After 48 hours incubation, drops of the nitrate reagents, 
sulfanilic acid and alpha-naphthylamine. are added to the 
disk, ^ red color indicates the presence of nitrite. 





10-5 Spot indole disk test. Totest for presence of the 
enzyme tryptophanase, a plain filter paper disk is placed on an 
area of growth of a microorganism on a medium containing 
tryptaphan (such as most blood agar bases). Alter the disk has 
become moist (5 minules), a drop of paradimethylaminocin- 
namaldehyde is placed on the disk. A greenish-blue color indi- 
tates the presence of indole, a breakdown product of trypto- 
is used to help differentiate among some 


Fusobacterium, Proponibacierium. Porphyromonas, P 


phan. Indole 
revotella. 


and Peptestreptocaceus spp. 


10-6 Sodium polyanethol sulfonate (SPS) disk 
test. Peptosireptocaccus anaerobius is the only anaerobic 
gram-positive coccus that is inhibited by SPS. 
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10-7 Special potency antimicrobial disks for 
presumptive identification of anaerobes. The 
pattern of susceptibility to the three antibiotic disks: 
kanamycin (1000 pg), colistin (10 pg), and vancomycin (5 ug! 
can help differentiate among anaerobic genera using these 











criteria: 
Microorganlem type Kanamycin Vancomycin — Colistin 
Clostridium S(1, 2) 8 R 
Bacteroides fragilis group = R (1) R R 
Bacteroides ureolyticus 5 R 5 
group 
Fusobacterium species 5 R 5 
Veillonella species 5 R 5 
Porphyromonas species R 5 R 
Prevoitella species R R V 
Peptostreptococeus RI) 5 R 
stre robius 
Other gram-positive cocci $ 5 R 
(1) Some strains are kanomycin-resist ant 
(2) V varlable: R, resistant: S, susceptible 
(3) Rare strains are susceptible 
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10-8 A, Bacteroides fragilis on Brucella blood agar. The large gray, mucoid colonies and resistance to all three 
potency disks described in Figure 10-7 are typical of members of the B. fragilis group. The extra filter paper disk is for performance 
of the nitrate test. B, Gram stain of Bacteroides fragilis. l'ale-staining. gram-negative bacilli with rounded ends. Both 
pleomorphism and irregularity in staining can be observed in this smear (х 1250). 
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10-9 A, Gram stain of Prevotella melanino- 
genica (1250). Small. pleomorphic, gram-negative coc- 
cobacilli and bacilli can be observed in this smear, a character- 
istic appearance of Prevotella melaninogenica. B, Prevotella 
melaninogenica on Brucella blood agar. The 
small. dark-appearing colonies, resistant to kanamycin (less 
than 10 mm zone of inhibition) and vancomycin, will fluo- 
resce brick-red under ultraviolet light (Woods lamp). С, Pre- 
votella melaninogenica on Brucella blood agar. 
After several more days of incubation, these colonies will take 
on a dark brown to black color, due to assimilation of heme in 
the medium. 


10-10 Bacteroides fragilis and Prevotella 
melaninogenica on Bacteroides bile esculin 
(BBE) agar. The Prevotella species was streaked on the up- 
per half of the plate, but growth was inhibited. The Bacteroides 
Jragilis grows profusely, displaying a typical grav precipitate in 
the agar surrounding the colonies, 
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10-11 A, Fusobacterium nucleatum on Brucella blood agar. The dry, white, hreaderumblike 
colonies (one colony variant of this species) and the antibiotic disk pattern (kanamwcin- and colistin-susceptible: 
vancomycin-resistant) are suggestive of E nucleutur. I indole reagent is added to the extra filter paper disk on the 
plate, the disk will turn blue because this species is indole-positive. В, Gram stain of Fusobacterium 
nucleatum (x1250). Pale-slaining. long. slender. gram-negative bacilli with tapered/pointed ends deman- 
strating the characteristic appearance of Fusobacterium micleatum 





10-12 Peptostreptococcus anaerobius on 10-13 Peptostreptococcus magnus on Bru- 
Brucella blood agar. This gram-negative coccus dis- cela blood agar. This species has tiny colonies but Gram 


plays medium-sized grav colonies. resistance to kanamycin stain yields large, micrococcus-appearing gram-positive cocci 
and colistin, and susceptibility to vancomycin. It is susceptible to kanamycin and vancomycin and resistant 


to colistin. 


10-14 Sodium polyanetholsulfonate (SPS) re- 


sistance of Peptostreptococcus magnus. Unlike 
P. emaerohius, P magnus is resistant to SPS. 








10-15 Colonies of Proprionibacterium acnes 
on Brucella blood agar. lhese young colonics are 
small and white to gray-white; however, as they age. they can 
appear yellowish, They have been referred to as anaerobic 
diphtheroids because, when stained and examined microscop 
ically, they resemble diphtheroids. Proprionibacierium acnes are 
indol-positive, as seen on this plate, and catalase-positive. 
When an anaerobic diphtheroid is catalase- and indol-posi 
Live, it can be presumptively identified as Praprionibacieriur a 


THER. 





10-18 Reverse CAMP test for presumptive 


identification of Clostridium perfringens. |. për- 
гроте is streaked vertically, and Streptococcus agalactiae is 
streaked horizontally in this test. The hemolysis of the 
clostridium is synergistically enhanced by the hemolysin of 
the streplococcus in an arrowhead-shaped pattern. 
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10-18 Gram stain of Clostridium species 
(x1250). Cells are parallel-sided, long, thin. gram-variable, 
and some show swollen ends indicative of spore formation. 





10-17 Clostridium perfringens on Brucella 
blood agar. Colonics display the double-zone of beta he 
malysis typical of this species. Colonies are large with peaked 
centers and irregular edges after 48 hours incubation. 





10-18 Clostridium perfringens on egg yolk 
agar. Colonics and surrounding medium display the ex 
panding white precipitate stimulated by lecithinase produc- 
lion. typical of C. perfringens. 
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10-20 Clostridium difficile on Brucella blood 
agar. Colonies show the special potency disk pattern indica- 
tive of a gram-positive microorganism. This species has a dis- 
tinctive barnyard odor and will fluoresce chartreuse under wl- 
traviolet light, Laboratory diagnosis of Clostridium difficile 
diarrhea usually depends on detection of the toxin in feces, 
rather than on isolation of the microorganism. 





10-21 Clostridium difficile and C. perfringens 
on egg yolk agar. The C. perfringens (upper half of plate) 
produces abundant lecithinase, while the C. difficile (lower 
halj grows but shows no reaction, 





10-22 Clostridium tertium on Brucella blood 
agar. This species also shows the special potency disk pat- 
tern indicative of а gram-positive organism. C. tertium is one 
of several species of Clostridium that is able to grow aerobi- 
cally. Spores are lormed more readily, however. during апаего 

bic growth. 
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10-23 Clostridium tetani on Brucella blood 
agar. Growth on agar Is characterized by swarming, such 
that growth will cover the entire plate in a thin film within a 
lew days 


10-24 Gram stain of Clostridium paraputrifi- 
eum (51250). This microorganism displays terminal, 
swollen spores and the gram-variable staining typical of 
Clostridium species. Spores may not take up the stain, so they 
may appear as clear areas. 





CHAPTER 11 Mycobacteria 


he Mycobacterium species include the Mycobacterium tuberculosis complex and 


the nontuberculous mycobacteria. They are slender, rod-shaped aerobic bac 


teria that require special media for growth. Acid-fastness is a key characteristic of 


these bacteria. Mycobacteria may be divided into slow and rapid growers. Slow 


growers require at least 7 days of incubation to produce visible colonies, while 


colonies of rapid growers usually appear in less than 7 days. The rapid growers may 


be confused with other related genera, Corynebacterium, Nocardia, and Rhodococcus, 


because they may be partially acid-fast. 


11-1 Kinyoun's acid fast stain (=1500). \iycobac- 
teria are readily stained with carbol fuchsin, which binds the 
mycolic acid in their lipid-rich cell walls. This stain cannot be 
removed (decolorized) with acid alcohol and, therefore, the 
microorganisms are referred to as acid-fast. There are two 
common acid-fast stains, Ziehl-Neelsen (ZW). and Kinyoun's. 
The difference is that the ZN stain requires heat during the 
staining process because the phenol concentration used is bess 
than in the Kinvoun's method. The decolorizer, acid alcohol, 
and the counterstain, methylene blue, are the same for both 
methods. When stained, acid-fast bacilli stain red and the 
background is blue, as shown here 


11-2 Auramine fluorescent stain (»1250). in 
this method, a Iluorescent dye is used to bind the mycolic acid 
in the cell walls of mycobacteria. Both auramine and rho- 
damine are fluorochromes that can be used to stain mycobac 

teria. When stained with a flluarachrome, mycobacteria are 
bright yellow (auramine 0). as shown here. or orange-red 
(rhodamine), with a black background due to the potassium 
permanganate counterstain. The advantage of the fluo 

rochrome stain is that the slides can be scanned using a X 25 
objective, instead of the x 100 oil-immersion objective that is 
required to examine carbol fuchsin-stained smears. This 
lower magnification increases the viewing field and decreases 


the reading Lime. 
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171-3 M. tuberculosis on Middlebrook 7H11 
agar. Colonies appear as cream-colored, dry, and wrinkled. 
Middlebrook 7H 11 agar is a widely used medium for the isola- 
tion and antimicrobial susceptibility testing of mycobacteria. 
Although similar to Middlebrook 7H10 agar, 7H11 agar con- 
tains casein hvdrolysates that improve the recovery of isoni- 
azid-resistant strains of M. tuberculesis and shortens the incu- 
bation time for M. avium complex isolates, Seen here is a rough 
colony of M. tuberculosis growing on Middlebrook 7H 1 1 agar. 
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11-5 Colonies of M. tuberculosis (x10). Very 
young colonies (less than 10 days old) growing on Middle- 
brook 7H11 agar. Viewed microscopically, the very beginning 
of the cording characteristic of M. tuberculosis can be ob- 
served. 





11-4 M. tuberculosis on Léwenstein-Jensen 
(LJ) agar slant. [| agar has been used as the standard for 
isolating mycobacteria. It contains coagulated whole eggs, 
glycerol. potato flour, and salts, Malachite green is added to in- 
hibit the growth of contaminating bacteria. The disadvantage 
of this medium is that it becomes hydrolyzed when contami- 
nants do grow on it, and the culture must be discarded. Ilus- 
trated here are rough. buff-colored colonies that appeared 
within 3 weeks, typical of М, tuberculosis. 





11-6 Colonies of M. tuberculosis (x75). Older 
colonies (3 То 4 weeks old) growing on Middlebrook 7H11 
agar. The colonies have a rough appearance and exhibit cord- 
ing. exemplified by the darker areas. 





11-7 M. avium on Middlebrook 7H11 agar. Two 
distinct colony types of МЇ, avium are shown on this Middle- 
brook FHI] agar plate; a smaller, smooth colony that is 
slightly opaque and a larger. rough colony. Pure cultures con- 
taining both colony types are characteristic of M. avium. In 
most cases, M. avium strains can be distinguished from other 
М. aviurm-complex microorganisms, such as M. intravellulare, 
by their ability to grow at 45°C. 





11-8 Smooth colony of M. avium (15). Micro- 
scopic ally, the smooth colony type can appear as а "sun-spot" 
with starlike or asteroid margins as shown here. 
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11-8 M. avium on Léwenstein-Jensen agar 
slant. M. ovium does not grow well on LJ agar. It appears аз à 
film after 3 to 4 weeks of Incubation. Colonies are buff-colored 
as shown here, but much smaller than M. tuberculosis (eom- 
pare with Figure 11-4). 


11-10 Rough colony of M. avium («15). This view 
of the rough colony has à characteristic “lacy” appearance. 
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11-11 M. kansasii on Middlebrook FH11 agar. 
М, Канай! is а photochromogen, group I of Runyon's class- 
ification, a classical method for differentiating the myco- 
bacteria. Growth appears on Middlebrook FH11 agar in 
approximately 3 weeks. A characteristic feature of the pho- 
tochromoagens Es their dependence on exposure to light for pig- 
ment production, Shown here are the rough, wrinkled 
colonies af M. kansasii before exposure to light. The colonies 
are buff-colored 
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11-13 M. kansasi on Lówenstein-Jensen agar. 
The slant on the left was exposed to light, resulting in the 
strong yellow-colored colonies, while the slant on the right 
was not exposed to light and the colonies remained bull- 
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11-12 М. kansasi on Middlebrook FH11 agar. 
Following exposure to light for а few hours, colonies of М. 
kansasii have a strong yellow color. Further characteristics of 
M. kansasit include a positive catalase reaction. reduction of 
nitrate Lo nitrile, and rapid hydrolysis of Tween S0, a deter- 
gent. 





11-14 Colony of M. kansasii (+ 75]. Microscopically, 
this $-week-old colony growing an Middlebrook 7H11 agar 
shows a dark. dense center and а wrinkled periphery. a char- 
acteristic of M. xansasii. 
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11-15 M. chelonae on Middlebrook 7H11 agar. 
This rapid grower can appear on culture media within 2104 1116 М. chelonae on chocolate agar. М. che- 


days. M. chelanae belongs to the M. fortuitum-chelomae com- lonae can grow on chocolate agar and appear as smooth, 
plex. M. cheionie can be distinguished from M. fortuitum be- — OPaque colonies resembling staphylococci or yeast, Because 
cause it does not reduce nitrates or assimilate iron, but it is — !hese microorganisms can be associated with skin infections 
susceptible to polymvxin B and resistant to ciprofloxacin. and can be confused morphologically with other isolates also 


associated. with skin infections, definitive identification af 
such colonies is needed. Although they are not readily stained 
hy the Gram stain, they may appear as weakly staining, 
beaded. gram-positive bacilli, suggesting the possibility of a 
rapidly growing mycobacterium. 
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11-17 Соіопу of M. chelonae (20). Examined mi- 11-18 М. fortuitum on Middlebrook 7H11 agar. 

croscopically, the colonies appear dark and dense with smooth The rapidly growing, rough colonies are shown after 3 days of 

edges and a somewhat lighter center, as shown here. incubation. M. fortuitum can also grow on modified Mar- 
Conkey agar. without crystal violet, at 37°C, at 43°C on 7H11 
and Ly. and in 5% NaCl at 37°C. These characteristics help to 
distinguish this species from M. chelate, 
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11-19 M. fortuitum on  Lówenstein-Jensen 11-20 Colony of M. fortuitum (xz0O). The rough 

agar. The rough colonies are shown growing on L] agar colony of M. fortuitem observed microscopically with trans- 

after 3 days of incubation. mitted light demonstrates a somewhat smooth edge with a 
very dense center. 





11-21 M. gordonae on Middlebrook 7H11 agar. 
Yellow-orange pigmented colonies of M. gordonac. This species 
belong to the Kunyon group II scotochromogens, character- 11-22 M. gordonae on Léwenstein-Jensen 
ized by pigmented colonies in the absence of exposure їо Пећ. agar. The yellow-orange pigment is also produced on L] 
Colony growih can appear in 3 weeks. upar 








11-23 Colony of М. gordonae on Middlebrook 
7H11 agar (x15). The entire colony is dense and dark 
when examined microscopically with transmitted light. 





11-25 iron uptake test. The iron uptake test is used 
mainly to differentiate M. fortuitum and other rapid growers 
from M. солае, M. fortuitum and other rapid growers have 
the ability to convert lerrie ammonium clirate to an iron ox- 
ide. The iron oxide is visible as a reddish-brown or rust color 
on the colonies. In this illustration. the tube on the lelt is the 
negative control: the center tube, inoculated with M. chelonae, 
is negative; and the tube an the right, inoculated with M. for- 
tuitum, is the positive control, 
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11-24 Sodium chloride tolerance test. Some 
species of mycobacteria, including the rapid growers ехсері 
for M. chelonae, can grow at 28°C on an egg-based medium 
containing 5% NaCl. M. chelonae does not grow (left), while M. 
fortuitum grows (right). 





11-26 Niacin accumulation test. Most strains of M. 
tuberculosis, M. simiae, and some strains of Bacille Calmette- 
Guérin, the attenuated vaccine strain of M. bovis, excrete 
niacin into the culture medium. Reagent paper strips impreg- 
nated with substrates are used to test for niacin, which reacts 
with a cvanogen halide in the presence of a primary amine to 
produce a yellow color. In this example. in which the paper 
strips were removed after color development, the tube on the 
left 15 positive (yellow) and the tube on the right is negative 


(colorless). 
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cHAPTER 12 Microbial Pathogens Isolated 


and/or Identified by Tissue Culture or 
Other Special Methods 
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12-1, 2 Clostridium difficile. Cytotoxin cell culture assay using MHC-5 caelis. 
Phase contrast microscopy (x225). Culture for C. difficile is a highly sensitive technique but not 
very specific, since this bacterium can be present in asymptomatic individuals. For this reason. the tissue 
culture assay for the detection of the C. difficile cytotoxin B is one recommended laboratory diagnostic 
method. Figure 12-1 shows the toxic effect produced by fecal supernatants containing taxin added to the 
MRC-5 monolayer, while Figure 1 2-2 shows a control monolayer, in which neutralizing antisera to the toxin 


B has been added. preventing development of the cytopathic effect 


12-3 Chlamydia trachomatis. Direct fluores- 
cent assay (DFA) of cervical cells (1250). To 
perform this assay, cells from the endocervical os are collected 
with a swab, placed on a glass slide, and fixed with acetone, A 
fluorescein-labeled specific antibody is then added and the 
specimen is examined using a fluorescent microscope. In this 
ligure, C. trachomatis elementary bodies have been stained 


with a monoclonal antibody to the outer membrane protein 
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12-4 Chlamydia trachomatis. Direct antigen 
detection. There are several commercially available filler- 
based enzyme immunoassay systems [or the direct detection of 
C. trachomatis. For each of the two assays depicted here. the 
specimen is placed in the lower window of the card. The anti- 
gen migrates through the filter and binds to a chlamydial-spe- 
cific antibody located on a line in the filter at the level of the 
second window. A positive reaction results in the formation of 
a color line (see cards on the left side for each system). Another 
antibody localed in the lilter at a greater distance [гош the 
specimen window is used as à control to ensure that the speci- 
men has migrated through the filter. 
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12-5, 6 Chlamydia trachomatis. Shell vial culture. Fluorescent and horseradish 
peroxidase stains (500). Shell vials with McCoy or HeLa cells are frequently used lor the isolation 
of C. trachomatis from clinical specimens. Following centrifugation of the sample onto the cells, the cell 
monolayers are incubated lor 48 hours. If viable Chiamydia were present in the sample, they will multiply in 
Ше cells of the monolayer and produce intracellular inclusions. The fixed inclusions can be stained with a 
{lworescein-labeled monoclonal antibody (Figure 12-5) or with an antibody labeled with horseradish регох- 
idase (Figure 1 2-6). A similar approach can he used for the detection of Chlamydia pneumonige and Chlamy- 


ilia psittaci. 
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12-7-9 Chlamydia trachomatis and Chlamydia 
pneumoniae. Infected tissue culture cells 
viewed by transmission electron microscopy. 
Large intracytoplasmic inclusions are formed by Chlamydia af- 
ter 24 to 72 hours of intracellular growth. The elementary 
bodies are the mature infectious form of the organism and аге 
dense, compact, and measure approximately 300 nm in diam- 
eter. The reticulate bodies are the replicutive form, have a loose 
structure, and measure up ta 1000 nm in diameter. Charac- 
teristically the inclusions of C. trechometis surround the nu- 
cleus of the host cell (Chlamydia: from the Greek "chlamvdion" 
meaning short mantel) (Figure 12-7; X 27 50). C. pneumoniae 
may form multiple inclusions (Figure 1 2-8: X 2750). Some of 
the elementary bodies of C. pneumoniae may have a pyriform 
shape (Figure 12-9; x 35,501). 








2-10 
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12-11 
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12-10-12 Mycoplasma and Ureaplasma 
species. \Mycoplasmas are the smallest free-living organ- 
isms. Unlike classic bacteria they lack a cell wall and behave as 
parasites on the surface of the host cells but are not intracel- 
lular. Complex media and tissue culture techniques are used 
lor their isolation. Ureaplasma urealyticum were originally 
named T itiny) mycoplasmas due to the small size of their 
colonies, usually 15 to 30 рт in diameter (Figure 12-10: 
viewed through a light microscope). О. urealyticum induces an 
alkaline color change (purple) without turbidity in a medium 
that contains urea (Figure 12-11. left tube; control tube is on 
the right). The genital mycoplasmas grow better in 5% CO; 
and produce the typical fried-egg appearance morphology 
(Figure 12-12 shows M. hominis colonies viewed through a 
light microscope]. 
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12-13 Ureaplasma urealyticum. Transmission 
electron microscopy («7F7,000). The ulirastructure 
of the mycoplasmas and ureaplasmas is pleomorphic and 
fairly indistinct. They measure 200 to 300 nm in diameter 
and have a cell membrane, but they do not have a cell wall. 


12-14 Mycoplasmas and ureaplasmas. Anti- 
body detection by microimmunofluocrescence 
(MIF) test. [here are several approaches, including com 
plement fixation. metabolic inhibition, and fluorescence as 
says, lor detecting antibodies to these microorganisms. For the 
МІГ test. the serum of the patient is reacted with colonies of 
mycoplasma present on the slide, and antihuman fluorescein- 
labeled globulin is then added. This test is fairly specific and 
sensitive and allows for the detection of IgM as well as IgG 
antibodies, 











CHAPTER 13 Antimicrobial Susceptibility 
Testing (AST) 





umerous antimicrobial susceptibility test procedures have been described. 


Qualitative tests, such as the agar disk diffusion method, categorize the bac- 


terial isolate as susceptible, intermediate, and resistant. Quantitative methods are 
used to determine a specific endpoint, referred to as the minimal inhibitory con- 
centration (MIC; the minimal amount of antimicrobial agent that inhibits visible 


growth), 


In the disk diffusion method, used for rapidly growing aerobic bacteria, a 


standardized pure culture inoculum is swabbed onto the surface of a Mueller-Hin- 


ton agar plate. Filter paper disks impregnated with antimicrobial agents are placed 


on the agar plate, After overnight incubation, the zone of inhibited growth sur- 


rounding each disk is measured and results are compared to guidelines published 


by the National Committee for Clinical Laboratory Standards (NCCLS; Wayne, Pa.). 











13-1 Preparation of standardized inoculum. 
Three to five colonies of similar morphology are selected on a 
cotton swab from a fresh, 18- to 24-hour culture and trans- 
ferred into 4 to 5 ml Mueller-Hinton broth or trypticase soy 
broth. Either the broth is incubated for 2 to 8 hours or the se- 
lected colonies are inoculated into 0.85% sterile saline or 
broth without incubation to produce a suspension of the de- 
sired turbidity. The direct method is preferred lor those mi- 
croorganisms that are fastidious and have unpredictable 
growth in brath. 








13-2 Using a turbidity meter to adjust the in- 
eculum. The suspension is vortex mixed for 15 to 20 sec- 
onds before determining its turbidity. A meter is used to adjust 
the inoculum to а 0.5 McFarland turbidity standard, which is 
equal to approximately 1.5 x 10° colony forming units (CFU) 
per ml. The turbidity is adjusted to match the standard by di- 
luting with additional saline or broth. 
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13-3 Disk diffusion method—Agar plate inocu- 
lation. A sterile cotton swab is dipped Into the Inoculum and 
the entire surface of the Mueller-Hinton agar plate is swabbed 
three times by rotating the plate approximately 609 between 
streaking to ensure even distribution, The plate is allowed to 
stand for at least 3 minutes, but no longer than 15 minutes 
before applying the disks. 





13-4 Disk difusion method—application of 
disks. Disks are applied to the agar surface using a dispenser. 
No more than 12 disks should be placed on a 1 50 mm plate. A 
disk should not he relocated once it has made contact with the 
agar surface because antimicrobial diffusion begins immedi- 
ately Agar plates must be incubated within 1 5 minutes of disk 
application. 





13-5 Disk diffusion method Staphylococcus 
sureus American Type Culture Collection 
(ATCC) 25923. The zone of growth inhibition is mea 
sured using a millimeter ruler or calipers. Results are inter- 
preted as susceptible (51, intermediate (Li. or resistant (К). The 
size of the disk (6 mm) is included in the measurement: there- 
lore, those agents with no zone are measured as 6 mm and are 
always interpreted as resistant. The microorganism tested on 
this Mueller-Hinton agar plate is susceptible to all amimicra- 


bial agents. 


13-6 Disk diffusion method —Escherichia call 
ATCC 28922. The isolate tested on this Mueller-Hinton 
agar Plate is interpreted as susceptible (5) to all antimicrobial 


agents. Reading clockwise from the top, they are mezlocillin 
(MZ). amikacin (AN), ampicillin (AM), cefazolin (CZ). cefo- 
taxime (CTA). ceturaxime (CXM). cephalothin (CF), gentam- 
icin (GM), and tobramycin (NN): the three disks in the center 
ot the plate are trimethoprim/sulfamethoxazole (SXT), celar- 
itin (FOX), and саге т clavulanic acid (ТТМ). 





13-7 Disk diffusion method—Pseudomonas 
aeruginosa ATCC 27852. (n this Mueller-Hinton 
agar plate, the isolate is resistant to trimethoprim/sul- 
famethoxazole (SXT) and susceptible to all others; they in- 
clude ciprofloxacin (CIP), gentamicin (GM). amikacin (AN), 
aztreonam (ATM), ticarcillin/clavulanic acid (TIM), to- 
bramycin (NW), ticarcillin (TIC), mezlocillin (MZ). ceftazidime 
(САЗ |, imipenem (IPM), and piperacillin (PIP). 





13-9 Disk diffusion method  Straptocaccus 
pneumoniaze— secondary test battery when 
oxacilin is resistant (less than 20 mm) to 
oxacillin. 5. pneumoniae on Mueller-Hinton agar with 5% 
sheep blood. The isolate is susceptible to vancomycin (VA) and 
rifampin (RA) and intermediate to clindamycin (CC). The iso 
late is resistant to the remaining agents oxacillin (OX). ery- 
thramycin (Е), tetracycline (TE). chloramphenicol (C). and 
trimethoprim, sulfamethoxazole (SXT). 
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14-8 Disk diffusion method—Pseudomonas 
aeruginosa, а resistant strain. Growth on this 
Mueller-Hinton agar plate indicates that the isolate is resistant 
to six of the 1 2 antimicrobial agents and susceptible to the re- 
maining. The isolate is resistant to trimethoprim/sul 
famethoxazole (SXT], gentamicin (GM), aztreonam (АТМ). 
ticarcillin/clavulanic acid (TIM), ticarcillin (TIC), and mez- 
locillin (MZ). The isolate is susceptible to ciprofloxacin (CIP), 
(AN), tobramycin (NN), cellazidime (САЎ! 
imipenem (IPM). and piperacillin (PIP). 


amikacin 





13-10 E test method Streptococcus pneumo- 
niae. The Е test (AB Blodisk North America, Inc., Piscataway. 
NJ! uses strips impregnated with an antibiotic gradient to de 
termine the MIC of an organism. After overnight incubation, 
a symmetrical inhibition ellipse is formed. The zone edge in- 
tersects the strip at the MIC value given in ug/ml. In this ex- 
ample, the MIC of penicillin С (PG) is 0.5 pg/ml (intermedi- 
ate}: the MIC of ceftriaxone (CT) is 0.1 25 ug/ml (susceptible), 
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12-11 E test method—Streptococcus pneumo- 
niae. In this ligure, the MIC of cefotaxime (CT) is between 
1.5 pg/ml and 2.0 pg/ml. The MIC should be reported as 2.0 
pg/ml, which is interpreted as resistant 
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13-13 Broth Microdilution Method—Inoculated 
microdilution panel. This Pasco microdilution panel 
(Dico Laboratories. Detroit, Mich.) includes wells for both 
identification biochemicals and quantitative antimicrobial 
susceptibility testing. If all antimicrobial dilutions show inki- 
hition af growth. the endpoint is less than ar equal to the low- 
est concentration tested, assuming that the positive growth 
control exhibits growth. Interpretation ts based on NCCLS ap- 
proved standards. 








13-12 Groth Microdilution Method—inocula- 
tion of microdilution panel. \{icrodilution panels are 
used to quantitatively measure the susceptibility of microor- 
ganisms to a battery of antimicrobial agents. The inoculum is 
mixed and poured into the Inoculum/seed tray. The inoculator 
tips are lowered into the tray and the tips filled by capillary ac- 
tion. The inaculator tips аге then lowered into the wells of the 
panel, as shown here. 





13-14 Broth Microdilution Method--interpreta- 
tion of microdilution panel. Close-up view of 20 wells 
of the microdilution panel. Note the drug name and concen- 
tration in blue ink directly below the corresponding well. Row 
1, left to right, the antimicrobics and interpretations are as fol- 
lows; ampicillin/sulbactam (A/S) - no growth (MICZ2/1 


ug'mli; clindamycin (CD) - no growth (MICS2 рош; 
erythromycin (Е) - growth (MIC 770.5 pg/ml); oxacillin (OX) = 
growth (MIC 21 ug/ml); vancomycin (VA) - no growth (MIC 
22 ug/ml). 

Row 2, gentamicin (GM) - interpretation: growth in all 5 
wells, MIC is 258 pg/ml. 

Row 3, tobramycin (TO) - interpretation: growth in all 5 
wells, MIC is 28 pg/ml. 

Row 4, wells 1 to 3, ceftriaxone (FRX) - dilutions. left to 
right, 32, 16. and 8 ug/ml. Interpretation: growth in 8 pg/ml. 
no growth in 16 and 32 ug/ml; MIC is 16 pemi. 

Row 4, wells 4 and 5, chloramphenicol (C) - dilutions, left 
ta ta right, 16 and 8 ug/ml. Interpretation: no growth in either 
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13-15 Automated method— Preparation — of 
standardized inoculum. Several instruments Гог aubo- 
mated performance of ASTs are available. Preparation of in 
oculum for the Vitek (hioMericux Vitek, Ine.. Hazelwood, Мо) 
system is performed using the bioMerieux Vitek colorimeter, a 
single-beam photometer with а 450 nm filter. The inoculum 
suspension is vortexed and the turbidity is measured às shown 
in this slide. 
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13-16 Automated method—sealing the Vitek 
oard. The standardized inoculum and the card containing 
the diluted antimicrobics are first placed into the filling mod- 
ule of the Vitek instrument. Once the inoculum is transferred 
into Ше card by vacuum suction through the plastic transfer 
tube, the card is sealed in the sealing module, as shown here. 





13-17 A, Automated method—Vitek card in the reader incubator. Once the card has 
been sealed, the card ts inspected for a proper fill and then it is placed into the reader incubator as shown 
here. The results are determined by the electro-optical detection of microbial growth within wells of the test 
cards. MICs are determined by statistical analysis of bacterial growth rates in the presence of antimicrobial 
agents. B, Incubated Vitek card. This Vitek Gram-negative susceptibility card (GN5-LA) is used for 
performing ASTs on gram-negative isolates Iram urine specimens. Once the growth control well reaches the 
turbidity threshold, the instrument reads the remaining wells, which contain various dilutions of antimi- 
crobies. In this slide, turbid wells (resistant) are shown in five of the six rows, while only clear wells (suscep- 


tible) are shown in the fourth row. 
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13-18 Detection of beta-lactamase produc- 
tion by cefinase. Beta-lactamase enzymes produced by 
bacteria break down penicillins and render the producing 
strains resistant to penicillins. The method shown here detects 
all known beta-lactamases. The celinase disk (Becton Dickin- 
son Microbiology Systems, Cockeysville, Md.) is impregnated 
with nitrocetin, a chromogenic cephalosporin. Colonies of the 
microorganism are rubbed onto the disk. If the amide bond in 
the nitrocefin beta-lactam ring is hydrolyzed by a beta-lacta- 
mase enzyme from the microorganism, the color of the disk 
will rapidly change from yellow to red. 


13-19 Positive beta-lactamase test. The pink 
color on the surface of the disk that was inoculated with the 
test microorganism indicates the presence of beta-lactamase. 
This test is used to determine beta-lactamase activity in 
staphylococci Haemophilus influenzae, Moraxella catarrhalis, 
Neisseria gonorrhoeae, Nelsseria meningitidis, enterococci, and 
certain anaerobic bacteria including Bacteroides spp. 


13-20 S&chlichter test/serum inhibitory titer. 
Determining the activity of an antimicrobial agent in the pa- 
tients serum may be useful in certain infections requiring 
prolonged antimicrobial therapy, such as endocarditis and os- 
teomyelitis, For the Schlichter test, the patient's serum con- 
taining an antimicrobial agent is inoculated with the patient's 
own infecting microorganism. After incubation, the in- 
hibitery titer is interpreted as the highest dilution of the 
serum showing no visible growth, as shown on the far lefi 
tube, while the other three tubes illustrate growth of the mi- 
croorganism. 
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CHAPTER 14 Mycology 


dentification of fungi is still based largely on gross and microscopic morpho- 


logical characteristics. In addition to visual inspection, commercially available 





biochemical manual or automated systems, nucleic acid probes, and serolog- 
ical reagents are used. The fungi are broadly divided into yeast, characterized by 
opaque, creamy colonies, and molds that produce cottony or powdery growth. Some 
species, particularly some that cause systemic infection, are dimorphic and can 
assume either morphotype. 

This section presents the agents of fungal infections in a commonly used 
clinical classification. Systemic or deep-seated mycoses often begin in the respira- 
tory tract and disseminate. Subcutaneous mycoses are frequently secondary to 
traumatic implantation. Systemic spread of these infections is less likely. Superficial 
infections are confined to the keratinous layer of skin, nails, and hair and in gen- 
eral there is minimal host inflammatory response. The “opportunistic mycoses” usu- 
ally cause infections only in immunocompromised hosts. The causative fungi are 
common environmental inhabitants. The “miscellaneous” category includes those 
fungal infections that do not fit easily into the other headings, 


Deep-seated Mycoses 
















14-1 Biastomyces dermatitidis colonies. nh. der- 
matitidis growing on brain heart infusion agar with 10% 
sheep blood, gentamicin, and chloramphenicol, At 25°C the 
mold form of В. dermatitidis produces white to tan. cottony 
colonies that grow fairly rapidly in a week. With age they turn 
dark brown. At 37°C the yeast [orm produces cream to brown, 
wrinkled, waxy-looking colonies (not shown). 


iK 
14-2 Blastomyces dermatitigdis mycelial 


Phase. Lactophenol cotton blue preparation 
(х500). As shown here, at 25°C in the mold form, the coni- 


ea 


dia of B. dermailtidis are round to oval, with a hvaline smooth 


wall, and are attached to short lateral or terminal hyphal 
brunches giving the appearance of “lollipops.” The conidia 
measure 2 to 10 um in diameter. 
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14-3, 4 Yeast form of Blastomyces dermatitidis. Lung tissue. Gomori 
methenamine silver stain (Figure 14-3, 1850; Figure 14-4, x1250). Al 37°C the yeast 
lorm of B. dermatitidis appears as thick-walled. spherical cells with a wide-based single bud (Figure 14-3). 
Small forms may occasionally emerge. particularly in tissue, which cannot be easily differentiated from H. 
capsulattum (Figure 14-4), 







| * 
£1 5j. \ 
ER. * 14-5 Coccidioides immitis growing on Sabou- 
Е: ў raud's dextrose agar. C. immiiis grows well on 
К, Sabouraud's medium at 25°C. Within 1 or 2 weeks, the gray- 
A- V tan colony has а powdery, cottony appearance resulting from 
P T. 4 d the formation of arthroconidia from the hyphae. The colony 
: $ 1 becomes tan to brown with age, amd the reverse side is white. 


Other colony colors are seen occasionally. 


14-6, 7 Coccidicides immitis wet mount (KOH; 14-6, 500), and calcofluor white 
(14-7, x1200) preparations. Mature spherules of C. immitis are round or oval, measure 15 to 60 
шт in diameter, have a well demarcated wall, and produce endospores by undergoing progressive cleavage. 
The endospores measure 2 ta 5 gum in diameter, do not bud, and are extruded from the mature spherules. 
Once they are extruded, the endospores initiate maturation, becoming spherules that eventually undergo 
cleavages that result in new endospores. It is important to recognize that immature spherules that lack en- 
dospores can be mistaken for other fungi, such as Blestamyees dermatitidis, and for artifacts, 
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14-8 Lactophenol cotton blue preparation of 
arthroconidia of Coccidioldes immitis («500). 
The arthroconidia of C. immitis appear in the branches of the 
hyphae as thick-walled, barrel-shaped structures measuring 4 
to 6 by 2 to 4 шїп. Alternating with the arthroconidia are 
weakly stained empty cells, a characteristic that differentiates 
this microorganism from Geetrichum spp. The arthroconidia 
mature, break off, and following aspiration they can produce 
an infection in susceptible individuals, 


14-9 Tissue section of the lung stained with 
Gomori's methenamine silver showing a Coc- 
cidioides immitis spherule (x1250). Thr wall of the 
spherule has ruptured and the endospores are released into 
the surrounding tissues. In general, the walls of the en- 
dospores stain darker than the walls of the spherules. 
Spherules that lack endospores need to be differentiated from 
other fungi including Histoplasma capsulatum, Torulopsis (Can- 
dida) glabrata, Cryptococcus neoformans, and Paracoecidioldes 
brasiliensis. 


14-10 Cryptococcus neoformans colonies 
growing on chocolate agar. The colonies of C. neafor- 
mans are typically flat or slightly raised. shiny, mucoid as a re- 
sult of the presence of a mucopolysaccharide capsule, and 
may have a wide variation in color ranging from cream to tan 
and pink. With аре, the colonies tend to become drier and 
darker in color, 
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14-11, 12 India ink (14-11) and Gram stain (14-12) preparations of Cryptococcus 
neoformans (* 2250). The cells shown here are surrounded by a broad mucopolysaccharide capsule, 
The thickness of the capsule can vary widely from preparation to preparation, and in certain instances the 
capsule may be undetectable using India ink. The cells are round to oval. with a diameter ranging from 3 lo 
LO jum, and have a single bud with a narrow neck. The India ink preparation is not as sensitive as the latex 
agglulinalion antigen detection tests for initial detection of C. reoformans in cerebrospinal Huid. Specimens 
negative by India ink should be tested for antigen: all cerebrospinal fluid specimens sent for India ink prepa 
ration should also he cultured. 





14-14 Colonies of Histoplasma capsulatum. 


Note the yeast form of H. capsulatum growing on chocolate 


14-13 Urease test for Cryptococcus neofor- agar at 37° (right side), and the mycelial jorm growing on 


mans. Over 995 of the C. neoformans isolates give a positive Ssabouraud s dextrose agar al 25°C (left side). The yeast form 
urease test, pink-purple color, within 15 minutes, in contrast appears waxy and moist with a vellow-tan color, while the 


r other urease-positive species of yeast that require more mycelial form has a cottony appearance with a white-hrown 
than 5 hours to give a positive reaction. or pinkish color, 





14-15 Lactophenol cotton blue stained Histo- 
Plasma capsulatum (х 500}. Alter several days in cul- 
ture at 25°C, thick-walled. tuberculate (knobby), and nontu- 
berculate macroconidia appear. measuring 10 to 15 wm in 
diameter. The microconidia of H. capsulatum emerge during 
the early stages of colony growth as spherical or oval struc- 
Lures, 4 to 5 шт in diameter. 
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14-16 Direct bone marrow preparation show- 
ing Histoplasma capsulatum stained with cal- 
cofluor white («2500). Round to oval, small, 2 X 5 рт, 
narraw-based, budding veast cells can be observed on this di- 
rect bone marrow preparation, 


14-17 Buffy coat preparation showing Histo- 
plasma capsulatum (x1250). White blood cells con- 
taining blastoconidia of H. capsulatum, The budding yeast 
seems to be surrounded by a capsule. This pseudocapsule is 
thought to be an artifact resulting from shrinking tissues dur- 
ing fixation 


14-18 Lung section showing Histoplasma cap- 
sulatum stained with Gomorl's methenamine 
silver (x1250). The yeast form of H. capsulatum is usually 
found intracellularly in the cytoplasm of professional phago- 
cytes. The microorganism Is elongated, measures approxi- 
mately 2 to 5 pm, and multiplies by narrow-hased, unequal 
budding. 
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14-19 Mixed culture of Histoplasma capsula- 
tum and Cryptococcus neoformans, This palienl 
had a double infection, and thus colonies of both H. capsula- 
tum and C, neoformans are growing on this plate. This possibil- 
ity should be taken into consideration, particularly in speci- 
mens [rom patients that are immunocompromised. Plates 
should be incubated for at least 4 weeks and should not be dis- 
carded earlier, even when a rapid grower is already present. 
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14-20 Paracoccidioides brasiliensis stained 
with lactophenol cotton blue (x325). In this prepa- 
ration, cultured at 37°C, large, thick-walled cells with multi- 
ple buddings are attached to the mother cells by narrow con- 
nections, giving the characteristic appearance of a “ship's 
wheel” or “steering wheel.” At 25°C most strains grow for а 
long time without producing conidia. There are different types 
of conidia that may form, none of which is characteristic of 
this species. 


14-21 Paracoccidioides brasiliensis. Adrenal 
tissue. Gomorl's methenamine silver stain 
(«500). This preparation demonstrates numerous thick- 
walled yeast cells. spherical to oval. measuring up to 60 to 70 
pum in diameter with multiple narrow-based buds that give the 
typical appearance of a "steering wheel" and "Mickey Mouse” 
type forms. 
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Opportunistic Mycoses 


14-22 Lactophenol cotton blue preparation of 
Alternaria spp. (x800). The mycelia are septate and 
dark. The conidiophores produce tan-brown conidia that are 
large. approximately 10 X 30 шт, round at the end near the 
conidiophore, and narrow at the far end giving а clavate 
iclublike) shape, with а smooth or rough wall. and transverse 
and longitudinal septations. 
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14-23 Diagram of the morphological structure of Aspergillus spp. Aspergillus fumiga- 
tus (A) is uniseriate (e.g.. has only one layer of phialides that cover the upper two-thirds of the vesicle). The 
phialides bear the conidia, which are extruded from the end of the unconstricted phialide, Aspergillus versi- 
coler (B) and A. niger (C) are biseriate, in which the vesicle is covered with a layer of short hyphal structures 
called metulae (the structures bearing the phialides) and another laver consisting of the phialides. Тһе metu- 
lae and phialides of A. niger form a radiate arrangement (C) but those of A. versicolor do not (B). Aspergillus 
flavus may he both uniseriate and biseriate with the metulae and phialides covering the entire vesicle. 
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14-24 Colonies of Aspergillus flavus growing 
on a sheep blood agar plate. The colonies of Л. flavus 
have a distinct velvety yellow to vellow-green or brown color. 
The green-brown color is more prominent in older cultures. 
The reverse is white to red-brown. This microorganism grows 
better at 47°C than at room temperature. 








14-25 Lactophenol cotton blue preparation of 
Aspergillus flavus (x225). The conidial heads mea- 
sure approximately 300 to 400 jum in diameter and may have 
uniserlate and hiseriate rows of phialides that cover the entire 
vesicle. Usnally the proximal row of sterigmata is twice the 
length of the outer row. The conidia do not usually chain and 
tend to accumulate over the vesicle. 


14-26 Aspergillus fumigatus growing on a 
sheep blood agar plate. The colonies of A. fumigatus 
grow well at 20 to 43°C. Incubating the specimens of A. fani- 
gatus at temperatures above 43°C helps to inhibit the growth 
of contaminants. The color of the colonies ranges from white 
to green and with age they tend to turn gray, brown. or black. 


14-27 Gram stain of Aspergillus fumigatus 
(x1250). А. hunigatus typically appears as unilorm septate 
hyphae with dichotomous (two-way) acute (45°C) branching. 
The hyphae have parallel walls without constrictions. and are 
fairly uniform in width. measuring 3 to 6 тп in diameter. 
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14-26, 29 Aspergillus fumigatus stained with lactophenol cotton blue (14-28 


[:225]) or with calcofluor white (14-29 [-500]) The 


conidiophore of A. fumigatus measures 


up to 3060 to 500 pm in length and 4 to 8 gum in width. The vesicle is dome shaped, 20 to 30 ium in diame 


ter, and merges with the conidiophore. Phialides are 


present only in the upper half or two thirds of the vesi 


cle and exiend in the same direction as the conidiephore. The small. eval-round, green-tan conidia are 


borne in chains from the tips of the phialides or sterigmata 





14-30 Colony of Aspergillus niger growing on 
Smbouraud's dextrose agar. 
fairly disti 1С, wills ц woolly appearance, origina ^ displaving 


1 nig: r Colonies are 


a white-vellow color that turns to dark brown-black due to the 
conidial heads, with a white to tan basal laver 


14-31 Aspergillus niger stained with lactophe- 
nol cotton blue («560). The conidiaphores of А. niger 
are large, measuring upto 2 to 3 mm in length hy 151 20 pum 
In width. The vesicle is globular, 40 to 80 дт in diameter 
brown-black, with biseriate phialides that cover the entire sur- 


face of the vesicle forming a radiate head 
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14-32 Aspergillus terreus colony on 
Sabouraud's dextrose agar. This colony of A. terreus 
has a velvety white, cinnamon-buff to brown color on the sur- 
face. and is white to brown on the reverse side. 





14-34 Aspergilus versicolor colony on 
Sabouraucd's dextrose agar. The colonies of A. wersi- 
color usually display a wide range of colors Including white- 
tan to yellow, green, and brown. 











4a-33 Aspergillus terreus stalned with lac- 
tophenol cotton blue (x500). The conidial heads ol 
A. terreus measure upto 300 pm in diameter and are biseriate. 
The conidia are spherical to oval with a hyaline smooth wall 
and, as shown in this figure, can form long chains. 
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44-35 Aspergillus versicolor stained with lac- 
tophenol cotton blue (x1250). This ligure shows 
Hülle cells produced by A. versicolor These structures are also 
produced by other species of aspergilli, and it is not clear what 
their function is. They are thick-walled, spherical or pear- 
shaped, and are produced as terminal or intercalary cells on 


the hyphae. 


14-36 Candida albicans growing on sheep 
blood agar plates. The colonies of C. albicans are white 
or tan. opaque, smooth, and as shown in this ligure. may have 
small extensions or "feet" that increase with the age of the 
colony. The colonics grow rapidly and can usually be detected 
in 24 to 48 hours when grown aerohically at 25 to 30°С, 
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14-37 Candida albicans grown on a corn meal 
agar with trypan blue. As shown in this ligure, C. albi- 
caris grown al 25°C for 48 to 72 hours forms septate pseudo- 
hyphae with groups of hlastaspores at the sepia, and large 
thick-walled terminal chlamydospores that are typical of this 


species, 





14-38 Candida albicans. Blood culture. Gram 
stain (x1350). Blood culture [rom a patient with a C. ahi 
cans lungemia. Blastoconidla can be observed budding and 
producing the pseudohyphae. The blastoconidia stain gram- 


posilive, are round or oval, and measure approximately 3 x 5 итп. 
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14-38 Candida albicans germ tubes stained 
with calcofluor white (x625). ^ simple rest for the 
identilication of C. albicans is the germ tube test. Part of à 
colony is emulsified in fetal bovine serum and йс рай а! 
37^Clor 2 ta 3 hours. The germ tubes are approximately hall 
the width and two to four times the length of the yeast cells, 
The germ tubes produced by C. albicans are nol constricted at 
the union with the blastoconidium as is the case with Candids 


tropicalis 





Blood culture. 


he blastoconidia of C. 


14-40 Candida 


tropicalis, 
Gram stain (x1250). 1 
tend to be more barrel-shaped and irregular than those of C 
alhicans. 


tropicalis 
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14-41 Geotrichum sp. grown on corn meal 
agar with trypan blue. Chains of smooth, hyaline, 
cylindrical arthroconidia with round corners, are characteris- 
tic of this species. The arthrocondia originate by segmentation 
of the hyphae, and typically they germinate {rom one corner, 
giving the appearance of a “hockey stick.” The formation of 
consecutive arthroconidia diflerentiates this genus from Cir- 
eldiotdes immitis. 
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14-42 Diagram of Zygomycetes structure. Typical microscopic leatures of the 4ygomyertes, 
a group with generally aseptate hyphae, are shown here. The organisms of the Rhizopus spp. (A) have nodal 
sporangiophores, e.g.. rhizaids (root-like structures) are formed at the point where the sporangiophores 
meet the stolon (horizontal section of hyphae from which sporanglophores and rhizoids arise), No rhizaids 
are found in the Mucor spp. (B). Absidia spp. (C) form internodal sporanglophores. When the wall of the spo- 
rangium breaks, а collarette remains at the top of the sporangiophore and the pointed columella becomes 
visible. 
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14-43 Absidia corymbifera colony in 
Sabouraud's dextrose agar. [he colonies of A. 
ceriimbifera grow rapidly, tilling the Petri dish, and have a 
woolly, white color that turns gray with age. The reverse side ls 
while. In general. all colonies of Zygomuretes have similar 
colony characteristics, 








14-44, 45 Lactophenol cotton blue preparations of Absidia corymbifera (14-44, 
хво; 14-45, x550). A. corymbifera produces few rhizoids and, in contrast to those of the genus Rhizo- 
pus, the sporangiophores grow at a point on the stolon that is between the rhizoids and not opposite them. 
The sporangiophores are characteristically highly branched (Figure 14-44). The sporangium of А. гагиҥ- 
етп has a pyriform shape, small size. measuring 20 to 40 pm in diameter, with a conical columella and a 
distinct apophysis (Figure 14-45). The sporangiospores are oval in shape. measure approximately $ X 5 шп 
and have а smooth wall 
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14-46 Mucor spp. stained with lactophenol 
cotton blue (*5&00). The sporanglophores of Mucor spp. 
have terminal spherical sporangia that measure upto 300 gum 
in diameter. containing numerous round sporangiospores, 
The sporangiophores are hyaline. smooth, with a gray-tan 
color, and they do not have apophyses. The columella is well 
developed and has a prominent collarette at the junction with 
the sporangiophore. No rhizoids are [ound in this species. 


14-47 Mucor spp. Lung. Gomori's methe- 
namine silver stain (x1250). In tissues. the hyphae of 
Mucor spp. are broad, irregular. with bulbous lateral protru- 
sions, and do not have septae; branching occurs preferentially 
al wide angles (90°), 


14-48 Hhirzopus spp. Lactophenol! cotton blue 
preparation (хао). The members of the genus А сорих 
are characterized by the presence of sporangiophores that 
grow opposite the rhizoids along the stolon. The columella is 
round or slightly elongated. and the apophysis is not obvious. 









Subcutaneous Mycoses 





14-49 Lactophenol cotton blue preparation of 
Bipolaris spp. (x550). The conidia of Bipolaris spp. are 
fusiform. approximately 10 X 20 шт in size, rounded at both 
ends, with the central cells similar in size and color to the dis- 
tal ones, 3 to 5 light pseudoseptae, and а nonprotuberant 
hilum. The hilum is a "scar" at the point of attachment of а 
conidium to the conidiophore. The conidiophores bend at 
each point where conidia are formed, giving a zigzag appear- 
ance. The hyphae are septate. 





14-51 Colony of Cladosporium carrionii grow- 
ing on Sabouraud's dextrose agar. The colonies of 
C. carrioni are slow growers, with a flat or slightly raised cen- 
ter, and a velvety gray or green-black color. 
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14-50 Bipolaris spp. Germ tube preparation 
{х575}. Bipolaris spp. typically display orientation of the 
germ tubes along the axis of the conidium. This characteristic 
can be used to differentiate these organisms from members of 
the genus Drechslera, which form germ tubes perpendicular to 
the conidial axis. Members of the genus Exserohilum also form 
germ tubes along the axis of the conidium, However, the size 
and structure of the conidium is significantly different. 
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14-52 Cladosporium  carrioni! preparation 
stained with lactophenal cotton blue (5550). 
The hyphae are dark, septated. and have branches. The conid- 
iophores are elongated and produce chains of ellipsoid, 
smooth-walled conidia that measure approximately 2 x 5 итп 
in size. The conidia have a characterlstle dark area at the ends 
called a disjunctor. The conidia closest to the conidiophore 
may have a "shield" shape. 
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14-53 Exophiala (Wangiella) dermatitidis. 
Lactophenol cotton blue preparation (х 500). in 
new cultures, oval and round budding yeastlike cells are 
formed, Subsequently, these cells produce septate hyphae with 
flask-shaped to cylindrical phiulides. The conidia are round or 
oval, measure approximately 3 = 5 рип, and are found at the 
tin of the phialide and also along the hyphae, Growth and bio- 
chemical characteristics are used to differentiate these organ- 
isms from Exophiaia [ейткен and Phaeoanmellomgees wer- 
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14-55 Lactophenol cotton blue preparation of 
Exophiala Jeanselmei (« 500). The conidiophores are 
elongated, tubular. and with a tapered, narrow end, The coni- 
dia of E. jeamselmei are smooth, thin-walled, and ellipsoid, 
measuring 2 X 3 gum, and can gather in clusters around the 
conidiophores and at points along the septate бурбас 





14-54 Exophiala  Jeanselmei growing Оп 
Sabouraud's dextrose agar. The colonies are brown 
or green-black, moist, and glistening. With age they become 


covered with velvety-grayish hyphae. The reverse is black. 





14-56 Lnctophenol cotton blue preparation of 
Exserohiium spp. (x&DOQ). The conidia are Iusilorm. 
measure approximately 100 < 15 шт, have a prominent 
truncated hilum. seven to eleven septa, and the seplum next Lo 
the hilum is often darkly stained. The conidiophores are elon- 
galed and bend at the point of attachment of the conidia 
(geniculate). giving a zigzag formation. The hyphae are sep- 
tate and dark 
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14-57, 58 Fonsecaes pedrosol stained with lactophenol cotton blue (1550). The 
hyphae of E pedrosoi are septate, branched. and have a dark brown pigment. Three types of conidial forma- 
tion may be observed. The Phialophora type (see Phialophorm sp). the Cladosporinm type, and the Rhi- 
nowladiella type. In the Cladosporium type (Figure 14-57) the conidiphores give rise to large shield-shaped 
cells that produce branching chains of oval conidia with dark scars in the hila. In the Айтос еМ type of 
conidiation (Figure 14-58). the conidiophores, arising terminally or laterally on hyphae, have denticles that 
produce ovoid or elongated conidia along the sides or the tips. 
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14-59 Phialophora verrucosa stained with 
lactophenol cotton blue («500). This microorgin- 
ism has typical vase- or flask-shaped or elliptical phialides, or 
conidiophores, with wide, flared, pigmented collarettes. The 
conidia are round or ellipsoid, hyaline, and measure approxi- 
mately 2 X 4 рт. Hyphae are septate, brown, and branched. 





14-60 Gomori's methenamine silver stain of 
chromoblastomycosis (»1250). Skin lesion from a 
patient with chromohlastomycasis. Thick-walled dark brown 
cells (called sclerotic bodies and the hallmark of chromoblasto- 
mycosis) that divide by septation can be observed. The follow- 
ing microorganisms are associated with chromoblastomyco- 
sis; Batryonipces eaespitasus, Cladesportum carrionii, Fonsecaea 
pedrosoi, Fonsecaeg compacta, Phialophora verrucose, and Rhi- 
nadadiello асат рне гой, 
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14-61 Colony of Pseudallescheria boydii on 
Sabouraucd's dextrose agar. The colonies of P? boydii 
have a cottony surface that is white to grav-brown in color 
and gets darker with the age of the culture, The reverse is also 
white, turning brown with age. 








14-62, 63 Lactophenol cotton blue stain of Scedosporium apiospermum and 
Graphium conidia, asexual states of Pseudallescheria boydii (sexual state) 
(x800). The Scedosporium type of conidia of P boydii (Figure 14-62) may rise directly from the septate hy- 
phae or from the tip of coniophores, appear truncated at the base, and sometimes resemble the conidia of 
Blastomyoes dermatitidis. The hyphae are long and slender, branch at acute angles and thus may resemble 
aspergilli. As shown, the coremia or synnemata (conidial structures) of the Graphium state of P hoydii 
(Figure 14-63) have terminal hyaline conidia, club-shaped or cylindrical, approximately 6 X 342m. In the 
sexual state (P. boydii) large, 50-200 pm in diameter, round, brown eleistothecia are found containing as- 
cospores (not shown). 


14-64 Lactophenol cotton blue preparation of 
Seedosporium prolificans («1250). In the annella- 
tion type of conidiation, the conidia are extruded from the ta- 
pered tip of the conidiophore, which bears a ring scar for each 
conidium. The conidiophores, or annellides, are short and do 
not branch. The conidiogenous cells are flask-shaped, with 
annellation and terminal conidia, The conidia are ovoid to 
pyriform (pear-shaped), truncated at the base, with a smooth 
and thin wall, approximately 3 X 10 jum. 


14-65 Colony of Sporothrix schenckii grow- 
ing on potato dextrose agar. At 25°C these colonies 
grow slowly, are moist, and have a wrinkled surface. The color 
of the surface initially is white-tan and turns dark brown or 
black with age. At 37°C the colonies on brain heart infusion 
agar (ВНІ) are cream-tan, smooth. and yeastlike (not shown). 


14-66 Lactophenol cotton blue stained 
Preparation of S. schenckili (x500). Growth al 
25°C produces round, oval, and pear-shaped conidia that 
measure 2 X 5 рт and are attached to both sides of the sep- 
tate hyphae by short and thin denticles. Clusters of conidia 
can also be observed in a “daisy” pattern attached by denticles 
to conidiophores. At 37°С, oval or fusiform budding cells 
("cigarlike") can be observed (not shown). 
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Superficial Mycoses 








14-67 Epidermophyton floccosum on Sabou- 
raud's dextrose agar. Colonies of E. flocevswm grow 
slowly at 25°С and often appear white to tan, although darker 
colors including olive and khaki can appear wilh age. The sur- 
[ace is llufTy and powdery and can be flat or radially bolded. The 
reverse side may have an orange-brown pigmentation. 


14-68 Preparation of E. floccosum stained 
with lactophenol cotton blue (*500). Г. /loceosturn 
have club-shaped, smooth, thin-walled macroconidia that 
usually grow in clusters directly from the septate hyphae. The 
macroconidia have less than five septa and measure 20 to 40) 
by 5 to 8 wm. Chlamydospores, both terminal and tntercalary, 
can be observed in old cultures. 


14-65 Colonies of Malassezia furfur growing 
on Sabouraud's dextrose agar. Olive oil was added 
to the right side of the plate. As shown in this figure, the 
colonies are only growing on the right side of the plate be- 
cause of the growth requirement of long-chain fatty acids. 
provided by the olive oil. The colonies grow better at 47°C and 
are vellow-tan, smooth, and dry. 
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EX 7 


14-70, 71 Gram stain (14-70; -1250) and calcofluor white (14-71; «625) prepa- 
rations of Malassezia furfur. These veastlike cells аге actually phialides that have a spherical orel- 


lipsoid shape and measure approximately 3 X 5 pun. The cells ure round at one end and cut off at the other 
end, with an indistinct collarette, where the budlike structure forms singly on a broad base. In the calcofluar 





white lluorescence stain, the typical *bowling-pin" morphology can be clearly observed. 


14-72 Microsporum audouinil colony on 
Sabouraud's dextrose agar. The colonies of M. au 
douinii are usually white to tan, lat. and have а suedelike sur 
face. The underside is frequently yellow-red-brown. 


14-73 Microsporum amnucdouini! stained with 
lactopheno!l cotton blue (x18O00). Cultures of M. at- 
доші are offen sterile. The hyphae are septate with inter- 
calary and terminal chlamvdospores. On high magnification, 
the terminal chlamydospores can be shown to have a pointed 


end 
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14-74, 75 Microsporum canis var. canis colony growing on Sabouraud's dex- 
trose agar. M. canis grows rapidly at 25°C, producing colonies that are usually white-tan with a yellow- 
green lemon color at the periphery (Figure 14-74). The surface of the colony often has a radiate woolly ap- 
pearance. The reverse side of the colonies is requently golden yellow or brown (Figure 14-75). 





14-76 Lactophenol cotton blue preparation of 
Microsporum canis var. canis (+8625). The macro- 
conidia of M. canis are spindle or fusiform in shape with a 
thick irregular rough wall containing between 5 to 15 cells. 
They measure 5 to 20 by 10400 100 pm. and characteristically 
have a knoblike end. The hyphae are septate. 





14-77 Microsporum gypseum colonies on 
Sabouraud's dextrose agar. The colonies of M. nup 
seum have a white-tan surface, a white, starburstlike border, 
and а suedelike appearance. Areas with red-brown color are 
common on the reverse side. The colonies grow rapidly. 








14-78 Microsporum gypseum stained with 
lactophenol cotton blue (x625): The macroconidia 
of M. gapseum have an ellipsoidal to fusiform shape with a thin 
irregular wall. contain four to six cells, and measure 7 to 15 by 
30 tà 60 ym. The site of attachment to the hyphae is usually 
llattened. while the distal end is more rounded. The hyphae 
are septate and the microconidia have a clavate or club shape, 
but this characteristic is not helpful for differentiation [rom 
other fungi that produce similar structures. 





14-50 Trichophyton mentagrophytes stained 
with lactophenol cotton blue (+500). This ипи 
typically displays spherical or pyriform microconidia growing 
singly or in clusters on branched conidiophores. In addition, 
there are often characteristic septate spiral or coiled hyphae. 
Cigar-shaped macroconidia with three to six cells and measur- 
ing 7 X 40 pm can sometimes be found (not shown). 
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14-79 Colony of Trichophyton mentagro- 
phytes growing on Sabouraud's dextrose agar. 
The colonies grow well at 25°C and are usually cream-tan In 
colar. although they may turn darker with age. The surface ot 
the colony appears fluffy and powdery. The reverse of the 
colony may have a color ranging from tan to brown and dark 
red. 





14-81 Trichophyten rubrum on Sabouraud's 
dextrose agar slant. While, velvety, or Hully colonies of 
T. rubrum grown at 25°C. Note the wine-red pigment pro- 
duced by this organism. Pigments ranging [rom yellow 1o or- 
ange lo red can be observed in different isolates of T. rubrum. 
This type of pigment. however, is not unique to T. rubrum. 
Other dermatophytes, including T. ajellei and T, mentagro- 
phytes, can produce red-orange pigments. 
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14-82 Trichophyton rubrum stained with lac- 
tophenol cotton blue (+500). T. rubrum has septate 
hyphae with lateral, tear-shaped microconidia that measure 
3 X 4 рт. The macroconidia are long with thin parallel walls 
and two to eight cells (not shown). Microconidia may form di- 
rectly fram the macroconidia. 





scheenleinil 


14-84 Colony of Trichophyton 
growing on Sabouraud's dextrose agar. Young 
cultures of T. scheenleinit have a waxy appearance with a tan 
to brown color and honeycomblike thallus (mat of hyphae}, 
This microorganism grows slowly and with age the colonies 
become irregular with folded surfaces, as shown in this figure. 





14-83 Christiansen urea agar slant for 
demonstrating urease production by Tri- 
chophyton mentagrophytes and Trichophyton 
rubrum. The tube on the left side of the image has been in- 
oculated with T. mentagrophytes, and the two on the right with 
T. rubrum. The tubes have been incubated for 3. 7, and 3 days, 
respectively, Note that the T. mentagropliytes yields a positive 
test alter 3 days. while the T. rulirum is only weakly positive at 
7 days. 





14-85 Trichophyton schoenleinii stained with 
lactophenol cotton blue («500). The hyphal ends 
are swollen, giving a "nailhead" morphology, and as a result of 
branching, often give the appearance of “favic chandeliers” or 
“antlerlike” hyphae. Macroconidia and microconidia are rare. 
although chlamydospores are frequently observed, 
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14-86, B7 Trichophyton tonsurans colony on Sabouraud's dextrose agar. T. Mo- 
strans grows slowly at 25°C on 5abouraud's dextrose agar, The colonies can display a wide variety of colors 
ranging from white, creamy. yellow. tan, and pink. The colonies can be flat or raised with a velvety or pow- 
dery appearance. Note rugae (ruglike folds) cutting across the colony [Figure 14-86), The underside of the 


colony can range from vellow-brown to red-brown color (Figure 14-87). 


# d 


14-68, ВӘ Trichophyton tonsurans. Lactophenol cotton blue preparation 
(хвою). The septate hyphae have microconidia that may vary significantly in size and shape. Some of 
them are round or oval with a ballooned appearance, and others are clavate and pear-shaped. The micro 
conidia are attached to branched conidiophores by a short stalk (Figure 14-85}. Macroconidia are smooth, 
thin-walled. irregular, and clavate (Figure 14-89), although frequently they cannot be observed. Inter- 


calary and terminal chlamydospores are common 
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14-91 Trichophyton verrucosum on Sabou- 
raud's dextrose agar. [his microorganism has slow- 
growing colonies with a white, creamy color. The surface is 
velvety. and Lhe cenler may be raised, 





14-90 Nutritional test for Trichophyton ton- 
aurana. For this test, the microorganism is grown on vila- 
min-free casein agar (T1), and on casein agar with thiamine 
added (T4). As shown in this ligure, T. torsurans requires thi- 
amine for growth. 





14-92, 83 Lactophenol cotton blue preparations of Trichophyton verrucosum 
(Figure 14-82, «5506; Figure 14-83, «2265). On Sabouraud’s dextrose agar at 17°С, T. verruc- 
sum produces many chlamydospores that are sometimes referred to as "chains of pearls" (Figure 14-92). 

Occasionally "antlerlike" branches at the ends of the hyphae can be observed, but they are rare compared 
with those of T. schoenleinii. On enriched media with thiamine, small, delicate, single microconidia, and long 
thin macroconidia shaped like a rat's tail can be found (not shown). In some preparations, hyphae produce 
lerminal vesicles (Figure 14-9 3). 
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14-84 Colonies of Trichophyton violaceum on 
Sabouraud's dextrose agar. 7. violaceum produces а 
waxy, irregular shaped, raised colony with areas that have a 
dark violet color and others thal are while. Occasionally, iso- 
lates produce only white-tan colonies. The undersurface is 
purple, In general, this microorganism is a slow grower 
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é Y Pie [<225]), and calcofluor white (14-96; [хв2в]) 


preparations of Trichophyton violaceum. Thesc 
figures demonstrate the large, branched, irregular shaped hy- 
phae containing numerous intercalated chlamydoconidia. 
Macroconidia and micreconidia are rarely produced. 
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Miscellaneous Mycoses 


14-97 Fusarium spp. colony on potato-dex- 
trose agar. l'isarium spp. grow rapidly in culture, and on 
potato-dextrose agar the colonies are cottonlike. usually 
white, turning pink-violet or brown al the center with age. 








14-98, 99 Fusarium spp. stained with lactophenol cotton blue (Figure 14-98, 
x700; Figure 14-99, «500). Typical l'usarium spp. microconidia with a fusiform or oval shape ex- 
tending from delicate lateral phialides (Figure 14-98), The macroconidia of Fusarium spp. are produced on 
conidiophores alter 4 to 7 days. The macroconidia are fusiform, usually curved. giving the appearance of a 
sickle, and heave three to five septae (Figure 14-949. 





14-100 Colony of Paecilomyces variotti on 
Sabouraud's dextrose agar. This organism is a fast 
grower that produces flat colonies with a tan-brown color and 
a powdery or suedelike surface. 
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14-101 Lactophenol cotton blue preparation 
of Paecilomyces varictti (х 550). The phialides. or 
sterigmata, bend away from the axis of the conidiophore, are 
elongated and tapered. and thus they are called “ten pins." 
The conidia are elliptical or oblong, measure approximately 
2 x 3 шп. and the chains do not branch. 





14-102 Diagram of Penicillium spp. "brush" or “penicillus.” The septate hyphae have 
branched and unbranched conidiophores. These form metulae (short, hyphal structures below the 
phialides) that give rise to flask-shaped phialides. The conidia are round, smooth, or rough and unbranched. 
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14-103 Colony of Penicillium spp. on Sabou- 
raud's dextrose agar. The colonies of Penicillium spp. 
usually grow fast and have a powdery white, gray. or green 
surface color, 








14-104 Penicillium app. stained with calco- 
fluor white (x2&0). Fruiting head of Penicillium sp. show 
ing septate mycelia with conidiophores, The conidiaphores 
measure 100 to 230 рт and consist of phialides. or sterig 
mata, that extend directly from the conidiophore. Alterna 
tively. as In this figure, they originate from metulne. giving à 
brushlike appearance. also known as a “penicillus.” Extending 
irom the tapered tip of the phialides are short, unbranched 
chains of conidia. measuring 3 х 5 um. that can be spherical 
or fusiform and smooth or rough-walled. 


14-105 Colonias of Penicillium | marneffei 
growing on Sabouraud's dextrose agar. The Р 
müarnetfei colonies have a white-gray color that turns green 
with age and produces a characteristic dark red pigment when 
grown at 25°C. 
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14-106, 107 Lactophenol cotton blue (14-106; 500) and calcofluor white 
(14-107; - 750) preparations of Penicillium marneffei. ^r 25°C the conidiophores of P mar- 
neffei are smooth and have three to five metulae, each of them with several phialides. producing smooth, 
spherical conidia in chains (Figure 14-106), The conidia measure approximately 3 X 6 pm. Al 37°C. oval 
and elliptical veastlike cells that measure 3 X 7 wm are produced. The cells replicate by fission and, as shown 


here, a distinct cross-wall is formed (Figure 14-107). 





14-105 Scopulariopsis spp. stained with lac- 
tophenol cotton blue (= 550). This organism typicalh 
14-108 Colony of Scopulariopsis spp. on produces chains of single-celled conidia originating from a 
Sabouraud's dextrose agar. [his organism grows conidiogenous annellide. The conidia are round or pyriform 


fast. producing colonies that vary in color from white to tan or measuring 7 to 8 pm in diameter, with a thick wall that may 
brown and black. In most instances however, as in this case, be smooth or rough, giving the impression of "light globes,” 
the colony is tan. The surface at first is glabrous (smooth! and and a color that ranges [rom tan to brown. The hyphae аге 


with time usually becomes powdery. septate, 
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Specimen Preparation and Identification Systems 


Colonics of molds isolated in culture can be examined microscopically using several 
techniques, including the tease mount, the tape mount technique, and the slide cul- 
ture method. These procedures should always be performed in a laminar flow 
biosafety cabinet. 


14-110 Tease mount technique. For the tease 
mount, a fragment of the colony is collected using a wire or a 
loop and transferred to а glass microscope slide. A drop of lac- 
taphenol cotton blue is then added, and the specimen is teased 
using dissecting needles as shown in this ligure. The teasing of 
the specimen needs to be done carefully so that on the one 
hand, isolated elements can be observed, while at the same 
time preserving the integrity of the overall structure of the 
microorganism, 





14-111 Adhesive tape technique. А piece of trans- 
parent adhesive tape is used to collect the specimen by press- 
ing the adhesive side against the surface of the fungal colony. 
Aerial elements will adhere to the tape, which is subsequently 
placed on a microscope slide containing a drap of lactophenol 
cotton blue. This technique is good for preserving the original 
relationship between spores and aerial hyphae. However, it 
usually cannot be applied to meld specimens that have few 
aerial mycelia or to yeast with a moist consistency. 


14-112 Slide culture method. Two sterile rods аге 
placed at the bottom of a Petri dish on which a sterile glass mi- 
croscope slide is placed. Blocks or circles of agar are trans- 
ferred aseptically to the microscope slide, A fragment of the 
fungal colony to be studied is inoculated onto the sides of the 
agar, which is coverslipped aseptically and incubated at 25°C. 
When the colony is mature, the coverslip is removed and both 
the coverslip and the growth on the slide surface below the 
agar block are mounted in lactophenol cotton blue and sealed 
with nail polish or mounting medium. 
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14-113 АРІ 200 clinical yeast system. The АР! 
20C system (bloMerieux Vitek, Ine., Hazelwood, Ma.) is a mi- 
cramethod for the identification of most yeasts and yeastlike 
microorganisms. Microcupules containing carbohydrate sub- 
strates are inoculated with a suspension of the microorgan- 
ism, and the strip is incubated at 40°C. Once growth occurs, 
cupules showing turbidity heavier than the О control cupule 
arc considered to be positive. The results are converted to a 
seven-digit biotype. which is matched to the analytical profile 
index supplied by the manufacturer. 








aa 

В ' ' w= 14-114 VITEK YBC (yeast blochemical card). 
A = ЕНААЕН The VITEK YRC (hioMerieux Vitek. Inc.. Hazelwood, Mo.) card 
r Is a component of a semiautomated identification system for 
^7» ^» d 3 “F И | Im | yeas! and yeastlike organisms, The card contains 30 wells, of 
| JD 33 3°79 | which four are negative controls, The biochemical tests in- 
S а TESTE Aa. s ' clude several conventional tests such as carbohydrate assimi- 
ч КЫ “> "à D lation, urea hydrolysis. resistance to cycloheximide, and ni- 
"» 3 * °з * H trate reduction, The YRC is incubated at 30°C in the VITEK 
reader'incubator module. and read at 24 and 48 hours. The 
automated system provides an identification based on the re- 

| Каан” 15 l Ti sulis of the different reactions. 


14-115 DNA probes. Nucleic acid probes are now 
available commercially for the identification of Blastormyces 
dermatitidis, Cocefdioides immitis, Cryptococcus neoformans, and 
Histoplasma capsulatum. To perform this test, growth from a 
colony is treated to extract the DNA, which is then hybridized 
to a probe provided in the kit (Gen-Probe Inc. San Diego, 
Саі). One of the main advantages of this system is that the 
test can be performed before sporulation has occurred. 








| articularlv in areas of poor hygienic practices and sanitation, parasites are still 
among the major causes of disease and death around the world. Citizens of 
developed nations often acquire the microorganisms during travel. Direct examina- 
tion of clinical material is usually the best method for laboratory diagnosis. Careful 
observation by skilled microbiologists is essential. Serological reagents and tests for 
some parasites are availahle commercially and at reference laboratories. This sec- 
lion includes images of protozoa (single-celled microorganisms), followed by 
helminths (multi-celled microorganisms including worms). Helminths are divided 
into roundworms, called nematodes; flatworms including flukes, called trematodes: 
and tapeworms, called cestodes. Average size of the microorganisms is indicated in 
the legends. 





Protozoans 


Intestinal protozoa: Amebae. 
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15-1 Entamoeba histolytica. Trophozoites. 15-2 Entamoeba histolytica. Trophozoites. 
Feces. Trichrome stain («2000). The trophovilesof Feoes. Trichrome stain (2000). This E. histolytica 
E. histelytier are round and measure from 15 to 30 pum in di- trophozoite shows an ingested red blood cell in the cytoplasm. 
ameter. With the trichrome stain the cytoplasm stains green- The nuclear structure is still fairly typical although the 
magenta, and the nucleus has a central karyosome. The chro- karyosome is eccentrically located. Ingestion of red blood cells 
matin has a delicate appearance and is distributed uniformly by E. histolytica occurs in patients with invasive disease and is 
in the periphery along the nuclear membrane. considered to be a characteristic that distinguishes this organ- 

ism from the other species of Entamoeba. In addition to red 

cells, bacteria and cell debris can be [ound in the phagosomes 

of this parasite. Macrophages that have ingested cellular ma- 
a terial can sometimes be confused with Е, histolytica. 





15-3 Entamoeba histolytica. Trophozoites. 
Liver. PAS stain (x1250). Amebic liver abscesses are 
relatively common complications in cases of invasive disease, 
The chromatin of this trophozoite is well delined and located 
along the nuclear membrane. The karyesome is not clearly 
visible. The morphology of the parasite is usually not well pre- 
served in this type of specimen due to the autolysis of the tis- 


Sues, 
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15-4 Entamoeba histolytica. Cyst. Feces. 
Trichrome stain (x1500). Immature cysts of E. his- 
talytica typically have a large nucleus that can be laterally dis- 
placed by a glycogen vacuole. The karyosome may be, as in 
this case, large and eccentrically located, although in general, 
they are small and centrally located. Several chromatoid bod- 
ies can be found surrounding the glycogen vacuole. The cysts 
of E. histolytica range in size [rom 12 to 16 jum. 


15-5 Entamoeba histolytica. Cyst. Feces. Tri- 
chrome stain (x1250). Malure cysts of E. histolytica 
have four nuclei while immature cysts contain one or two nu- 
clei, The cysts range in size from 10 to 18 jum and frequently 
have a diffuse glycogen vacuole, as in this case. Red chroma- 
toid bodies with rounded ends are frequently found. The 
karyosomes may be slightly eccentrically located, and the pe- 
ripheral chromatin is fine and evenly distributed, 


15-6 Entamoeba  hartmanni. Trophozolte. 
Feces. Trichrome stain (x1250). The tropliozoile of 
Е, hartmanni is round or ovoid and measures approximately 7 
to 10 pm. With the trichrome stain, the cytoplasm appears 
green-blue, and the single nucleus demonstrates a karyosome 
that is usually centrally located, although it can be laterally 
displaced. The chromatin is peripheral and has a line appear- 
ance, This microorganism does not phagocytize red cells, а 
characteristic that is useful to distinguish it from E. histolytica, 
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15-7 Entamoeba hartmanni. Cyst. Feces. Tri- 
chrome stain (х 1220). The cvsts of E. hartmanni appear 
similar to those of E, histolytica. Although they are generally 
smaller in size. 5 to 8 шп, there is a significant amount of 
overlap, so they are difficult to dillerentiate. The mature cysts 
have [our nuclei. but the immature cysts with one or two mu- 
clei are more frequently found. The nucleus has a small cen- 
trally located karyosome with a uniformly distributed periph- 
eral chromatin. In this particular ligure, several typical 
red-staining chromatold bodies can be observed. 





15-9 Entamoeba coli. Cyst. Feces. Trichrome 
stain (+2500). The cysts of this species are large, usually 
around 15 to 25 pm in diameter, and while the immature cyst 
has one to two nuclei, the mature stage contains eight nuclei 
with a distinct, eccentric karyusome. This ligure shows lour of 
the eight nuclei in the same plane of focus. The peripheral 
chromatin is usually coarse, although it may have a smooth 
appearance. The chromatoid bodies are usually splintered 
with sharp ends, as shown here. 


15-8 Entamoeba coli. Trophorzoite. Feces. Tri- 
chrome stain (x1250). The trophozoites of E. coli are 
big, measuring 20 to 25 jum in diameter and are round or 
ameboid in shape. The single nucleus has a large, eccentrically 
located karyosome, and the chromatin has a clumpy. irregular 
appearance that stains green іо purple with the trichrome 
stain. The cytoplasm of this microorganism usually contains 
bacteria, yeast, and other cell debris. In this ligure, a glycogen- 
like vacuole can be observed in the cytoplasm. 





15-10 Endolimax nana. Trophozolte. Feces. 
Trichrome stain (2500). The trophozoites of E. nana 
are small, measuring approximately 8 to 10 р in diameter. 
The microorganism is spherical to ameboid in shape and has a 
cytoplasm that frequently contains granules, vacuoles, and 
bacteria or other cellular debris. The nucleus is small with a 
relatively large. red-purple. centrally located karyosome. 
Trophozoites with irregular karvosomes are frequently found. 
Typically no marginated chromatin can be observed in the 
nucleus. This combination of a large karyesome surrounded 
by a clear halo gives an "owl s-evelike" appearance to the nu- 
cleus of this species, 





15-11 Endolimax nana. Cyst. Feces. Trichrome 
stain (х1260). The mature cysts measure 7 to 8 рт in di- 
ameter, have four nuclei with a prominent karyosome and no 
peripheral chromatin, No chromatoid bodies are found in the 
cytoplasm of these microorganisms, although ingested debris 
and bacteria can be observed. 





15-13 lodamoeba bützschlil. Cyst. Feces. Tri- 
chrome stain (x2500). The cysts of L hürsehlii have a 
single nucleus with a large eccentric karyosome and no pe- 
ripheral chromatin, Typically the cysts contain large glycogen 
vacuoles that stain brown with iodine. In this figure, the glyco- 
gen is displacing the nucleus to the periphery of the cyto- 
plasm. Cysts range in size from 10 to 15 pm in diameter. 


15-12 lodamoeba 


bitschlii. Trophoroite. 
Feces. Trichrome stain (х2500}. The trophozoites 
of this species are round or ovoid and measure approximately 
12 to 15 шп. The nucleus has a large, reddish, centrally lo- 
cated karyosome with no peripheral chromatin, giving these 
microorganisms a structural similarity to E. папа, Achromatic 
granules can sometimes be observed between the karyosome 
and the nuclear membrane. 
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15-14 Blastocystis hominis. Feces. Trichrome 
stain (+2000). This microorganism is oval or spherical 
and ranges in size from 5 to 35 рп, The central area resem- 
bles a vacuole that takes a green color with the trichrome 
stain. The cytoplasm is located in the periphery and usually 
contains one nucleus, although two to four can be found. 
Large granules with a dark red color can also be found in the 
periphery of the cytoplasm. 
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Flagellates and Ciliates 





15-15 Dientamoeba fragilis. Trophozoilte. 
Feces. Trichrome stain (12500). D fragilis tropho- 
zaites resemble ameba and have a spherical or oval shape. 
They measure 8 to 12 рт, and the cytoplasm frequently con- 
tains hacteria, yeast, and other types of debris, giving it a 
granular appearance. These microorganisms have ane ar two 
nuclei with a characteristic karyosome composed of four to 
elght lobules. No peripheral chromatin can be identified. The 
small size of D. fragilis and the faint structural staining char- 
acteristics make Its detection difficult. There is no cyst stage in 
this species. 





15-17 


Giardia lamblia. Cyst. Feces. Trichrome 
stain (x2000). The cvsis have an oval shape measuring 
10010 15 um in diameter. The immature cysts have two nuclei 
that develop into [our nuclei in the mature microorganism. 
These nuclei are usually marginated tcward the broader sec- 
tion of the cyst and have prominent karyosomes. Axonemes 
and fibrils are found in the cytoplasm. As in this ligure, retrac- 
tion of the wall in fixed specimens may give the appearance of 
aclear halo around the microorganism. 


15-16 Giardia lamblia. Trophozoite. Feces. 
Trichrome stain (x2500). The trophozoites of С, lam- 
а have a characteristic pear shape, measuring 1010 20 jum 
in length by 10 to 15 jum In diameter. The two nuclel contain 
а karyosome surrounded by a clear halo and are located one 
on each side of the axonemes. The karyosomes may appear 
distinct or may be fragmented, The axonemes extend Into 
eight Hagella. four located laterally. two in the ventral region, 
and two in the caudal section of the microorganism. The dark 
staining median bodies located below the two nuclei give these 
microorganisms the appearance of a smiling face. On a lateral 
view af the microorganisms it is possible to see the sucking 
disk, used for attachment to the mucosa, thal gives the tropho- 
zolte the appearance of a "flying saucer” (not shown). 





15-18 


Chilomastix masnili. Trophozolte. 
Feces. Trichrome stain (2500). This microorgan- 
ism is pear-shaped with a pointed end and measures 10 to 23 
шп in length by 10 to 15 pm in width. The nucleus in this ñg- 
ure is anteriorly located and has a poorly defined karyosome. 
The karyusome can be centrally or peripherally placed, and 
ihe chromatin is uniformly distributed. A cytastome, а mouth- 
like structure. may occupy up toone half of the microorganism. 





15-19 dChilomastix  masnili. Cyst. Feces. 
Trichrome stain. (x1800). The cyst of this organism 
has а lemon shape with a hyaline knob at one end. Fibrils pre- 
sent along the side of the cytostome may give the eyst the ap- 
pearance of an open salety pin. These cysts measure approxi- 
mately 7 1059 jum in diameter and are sometimes misidentified 
as amebas. 





15-21 Balantidium coll. Trophozoites. Colon 
biopsy. Hematoxylin and eosin (x25). Specimen 
from a human colon containing trophozoites of B. cali. The 
trophozoites are aval with a tapering end, and measure 40 to 
50 рт in diameter by 50 to 100 um in length. The macronu- 
cleus is clearly visible in several microorganisms, and the cy- 
Lostome can also be observed in some of the trophozoites. In 
viable specimens, the cilia are in constant movement. 
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15-20 Trichomonas hominis. Trophorzoite. 
Feces. Trichrome stain (x2000). The irophozoiles 
of T. hominis have a pyriform shape. measuring 15 to 20 jum in 
length by 10 to 15 pm In width. The cvtoplasm, which may 
contain granules and a large nucleus, with evenly distributed 
chromatin, 15 located at the broad end of the microorganism. 
An undulating membrane and three to five flagella, four ante- 
rior and one posterior, give this microorganism an erratic. 
brisk movement in wet mount preparations. 





15-22 Balantidum coli. Cyst. Feces. Carmine 
stain (x1200). Cysts are oval to spherical, measuring 50 
to 70 jum in diameter. A thick refractive wall can be easily ob- 
served. A kidney bean-shaped macronucleus is very distinct in 
the middle of a fairly uniformly stained cytoplasm in this 
preparation. An indentation corresponding to the cytostome 
can be observed on the same side where the macronucleus is 
located. 
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Coccidia and Microsporidia 
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15-23 Isospora belli. Cyst. Feces. lodine stain 
(21200). The oocysts аге the form more frequently found in 
the stool: trophozoites are rarely seen. The cyst has the shape 
ol a football measuring 25 to 35 jum in length by 10 to 20 pm 
in width. The hyaline wall is double-layered, refractive, and is 
clearly visible in this preparation. In stoal specimens. however. 
the wall may be difficult to observe. A large. centrally located 
spherical sporoblast is fairly prominent. Mature oacysts con- 
tain two sporocysts with four sporozoites each [not shown). 








15-24 jisospora belli Cyst. Feces. Acid-fast 
stain (+600). In acid-fast stained preparations, the body of 
L belli may appear with an ellipsoid halo around a prominent 
red-staimed spherical sporoblast. as shown here. In other in- 


stances, the red stain precipitates along the hyaline wall. 


15-25 isospora belli. Cyst. Feces. Wet prepa- 
ration. Autofluorescence (»1250). Опе ol the prop- 
erties that can be used to identify L helli in stool preparations is 
the fact that this microorganism aulofluoresces under UV 
light. The hyaline wall is particularly prominent, and the 


sporatdasts can also be identified. 
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15-25, 27 Cryptosporidium parvum. Oocysts. Feces. Acid-fast (15-26; «1250) 
and fluorescence stain (15-27; «1250). ln acid-fast stained preparations, the oocysts of C. 
parvum appear round to oval, measuring approximately 4 to 6 pm in diameter. Several black granules can 
be observed, usually in the periphery of the cyst, Under fluorescence, the wall of the cysts may appear 
smooth or wrinkled. 
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15-26, 15-28 Microsporidium spp. Feces: Modified trichrome (15-26; «1z50). 
Caloofiuor white stain (15-29; x1250). The spores of Micrasporidium spp. are round or oval and 
measure 1 to 3 рт. Diagonal bands crossing the cell und corresponding to the polar tubule can sometimes 
he observed 


Tissue Protozoa 


15-30 Pneumocystia carinii. Sputum. Gram 
stain (x1250). Both the trophozoite and the cyst form can 
bc observed in respiratory specimens. The microorganisms 
multiply to form clusters that fill alveolar spaces and block air 
exchange. The trophozoites are round to oval, measure ap- 
proximately 5 am in diameter, and have a nucleus that can be 


observed with certain stains such as Giemsa. 
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15-31 Pneumocystis carini. Bronchoalveolar 
lavage. Monoclonal antibody stain (х 2000}. Ul- 
ten called the “honeycomb” structure. this cluster consists of 
cysts that measure 5 to 8 jum in size, and when mature, can 
contain up to eight trophozoites. 


15-33 Toxoplasma gondi. Trophozoites. Cul- 
ture. Giemsa stain (+1250). Trophozoiles of T. gondii 
have a crescent shape, measuring 5 lo 8 pam in length by 2 to 
+ gum in width. The nucleus is relatively large and appears to 
he cenirally located. 


15-34 Toxoplasma gondi. Cyst. Brain. Hema- 
toxylin and eosin stain (x1250). Inlections with T. 
gondii in humans can result in the formation of cysts in diller- 
ent tissues. including the brain. The cysts can range in size 
from 5 to 50 uum and may contain up to several hundred mi- 
croorganisms. The tissue stage of the microorganism is called 
cystozolte or bradyzoite. 


15-32 Pneumocystis carinii, 
Gomori's methenamine silver stain (x1250). The 
cup-shape structure of collapsed cysts is clearly visible in this 
preparation. 


Lung biopsy: 
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Malaria and Babesia spp. 


15-35-15-51 Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, 
and Plasmodium vivax. Blood films, thick and thin preparations. Giemsa stain 
(x1250 except as noted). Malaria is transmitted to humans by female Anopheles spp. mosquitoes. 
The inoculated sporozoites travel by the bloodstream to the liver where they infect the hepatocytes. After a 
period of 2 to 3 weeks, they mature into schizonts that release merozoites into the blood and infect the ery- 
throcytes. Inside the red blood cells, the parasite may follow asexual (producing merozoites) or sexual (pro- 
ducing gametocytes) development, The asexual replication cycle repeats itself approximately everv 48 
hours in the case of P falciparum, P. vivax, and F ovale, and every 7 2 hours in the case of P malariae. Once in- 
side the red blood cells, merozoites form trophozoites. The trophezoites mature into schizonts that rupture 
and release merozoites that infect more red blood cells. Gametocytes, on the other hand, represent the sex- 
ual stage, which is infectious to mosquitoes. In the mosquitoes, the gametocytes develop into male and Їє- 
male gametes, which undergo fertilization and mature into sporozoites, All stages of the growth cycle of В 
malariae, E vivax, and Р ovale can be found in the circulating blood. In infections due to F falciparum in the 
peripheral blood, only ring forms and the gametocytes with the pathognomonic banana, crescent. or hali- 
moon shape are usually observed. 
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15-35 Plasmodium falciparum, ring forms. This 15-36 Plasmodium falciparum, ring form. Visi- 
species, which causes the most serious disease, often produces — ble is a "headphone" structure created by two dots of chro- 
heavy parasitemia with double rings, and “headphone” matin on the same ring. 

forms. The microorganism does not cause enlargement of the 

cyloplasm of the parasitized erythrocyte, but it may induce 

formation of large, purplish Maurer's dots, as seen in the cen- 

tral red blood cell in this preparation. 








15-37 Pinsmocdium falciparum. Xliüerirophozoiie 15-38 Plasmodium falciparum. Thick blood 
stage ison the right. This stage is not usually observed оп spec- smear. Multiple ring forms are visible. 

imens from patients with a P боорго infection, However, it 

is frequently found in cases of infection with the other three 

species of Plasmodium. 
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15-39 Plasmodium vivax. The infected red blood cells 
can be enlarged up to twice their normal size when infected by 
E vivax or P. ovale, Eosinophilic cytoplasmic stippling, called 
Schüffner's dots, are also present in erythrocytes infected with 
these two species. This infected red blood cell is enlarged and 
displavs Schüffner's dots. 


i x] od 9. 
15-41 Plasmodium vivax. Although double ring 


forms are suggestive of P. falciparum. the large cell size and ob- 
vious Schüffner's dots help to identily this infection as Р vivax. 










15-43 Plasmodium ovate. Infccted erythrocytes шау 
develop a fimbriated edge, shown here. 






am 


15-40 Plasmodium vivax. lnlecied cells show line 
stippling of Schüffner's dots around the edges and the typical 
heavy chromatin dat. 





15-42 Plasmodium ovale. Тһе enlarged size and ir- 
regular edge of this infected erythrocyte are typical of Р. ovale 
infection. Schüffner's dots, often present with P ovale infec- 


tions, are absent here. 
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15-44 Plasmodium malariae. Band-form tropho- 
zoile, seen almost exclusively in P malariae, Schülfner's dots 
are absent in infections with this species. 





15-45 Plasmodium malariae: Schizonts in a typical 
rosette formation. The schizonts of this species typically con- 
lain six to 10 merozoites, Hemozoin pigment. brown in color, 
is also visible, The pigment is present in schizonts of all four 
species but is most prominent in P. malariae. 





15-47 Plasmodium ovale. Thick blood smear 


(x3S00). Although schizonts of this species develop up to 
16 merozoites, they can reveal fewer numbers during early 
stages of development. Hemazoin pigment is most difficult to 
see in schizonts of this species. 
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15-46 Plasmodium vivax. Thick blood smear 
{13500}. Mature schizants of P. vivax have on the average 
16 merozoites. although the number can range from 12 to 24. 
The pigment is usually golden-brown and not very prominent. 





15-48 Plasmodium falciparum. Banana-shaped ga- 
metocyte seen only In infections due to this species, Peripheral 
blood reveals only gametocytes and ring forms in P. falciparum 
Infections. At the gametocyte stage, the red cell membrane 
may be Invisible. 





amear. быкый gametocyte displays prominent 
brown pigment. 
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15-50, 51 Plasmodium vivax, macrogametocytes. The micro- and macrogametocvtes of Р 
vivax, P malariae, and P. ovale are large, oval to round bodies. The chromatin of the macrogametocyte is usu- 
ally more hasophilic than that of the microgametocyte. 





15-52, 53 Babesia microti. Blood. Giemsa's stain («1250). П. тсн is Lrinmsmitted in 
the United States hy the tick Ixodes scapularis, the same vector that transmits Borrelia burgdorferi. The in- 
traerythrocytic form of Babesia spp. are round to oval and measure 1 to 5 рт in length. This microorgan- 
ism reproduces by asexual budding into two to four daughter cells. ^s shown in these two ligures, B. microti 
infects RBCs and produces small, ringlike forms, with a scant amount of cytoplasm and а minute chromatin 
dot. Some af the RBCs shaw the characteristic tetrads. In some preparations, these tetrads may appear with 
a "Maltese cross” configuration. This microorganism should be differentiated [ram the agent of malaria— 
in particular, Р falciparum. In addition to the presence of the tetrads, in B. microti infections, extracellular 
merozoites can be found, while the brown pigment deposits of hemozoin observed in Plasmodium spp. infec- 
tions are absent. 


Leishmaniasis 
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15-54 Leishmania spp. Promastigotes. Gul- 
ture. Giemsa stain (x1250). Promastigotes of Leish- 
menia spp. are found in the gut of the sandlly where they repli- 
cate and subsequently migrate to the proboscis. The 
vertebrate host is infected at the time of feeding. As shown in 
this figure, the promastigotes are cigar-shaped, measuring 10 
to 12 рт in length, and have a nucleus in the center of the 
body. The rodlike kinetoplast is located in the anterior part. 
The flagellum extends from the anterior end, and an undulat- 
ing membrane can be observed at this stage of development. 
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15-55 Leishmania spp. Amastigotes. Blood 
preparation. Giemsa stain (x1250). The amasti- 
gotes of Leishmania spp. are oval and measure 4 to 5 jum in 
length by 2 to 3 шт in diameter. А dark-staining kinetoplast 
сап be observed close to the nuclei in some of the microorgan- 
isms. This is the only stage found in humans. This microor- 
ganism can be confused with Histoplasma capsulntum. Toxo- 
plasma gondil, and Trypanosoma cruzi. 





15-56, 57 Trypanosoma cruzi. Blood (15-56) and culture (15-57). Giemsa stain 
(x1260). Typical C-shape trypanomastigote of T. cuzi (15-56). This microorganism is the cause of the 
American trypanosomiasis, or Chagas’ disease, It measures approximately 15 to 20 тп in length, has a 
central nucleus, and a conspicuous kinetoplast, The free flagellum measures 5 to 10 jim, and the undulat- 
ing membrane is not as prominent as the one in the African trypanosomes. Figure 15-57 demonstrates try- 


panomastigotes of T. cruzi growing in NNN 


| medium. 
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15-58 Trypanosoma brucei gambiense. 
Mouse blood. Giemsa stain (x11250). T. bruce! qam- 
biense and T. brucei rhodesiense are the causative agents of 
African trypanosomiasis, or sleeping sickness. The try- 
panomastigotes of T. brucei gambiense have a nucleus, а kine- 
toplast located at the blunt posterior end, and an undulating 
membrane with a flagellum. In general, the trypanomasti- 
gotes are spindle-shaped and measure 20 to 30 jum in length. 


15-58 Acanthamoeba sp. Cyst from agar cul- 
ture. Wet mount (x500). The cysts of Acanthamoeba sp 
are spherical and measure approximately 15 to 18 pm in di- 
ameter. Tvpically the wall has two lavers. The outer wall is 
wrinkled, while the internal wall may be smooth or may ap- 
pear polygonal or spherical. The trophozoites of Acanthamocbe 
are large. measuring 20 to 40 jum in diameter, and have thin 
extensions called acanthopodia (not shown). The cytoplasm 
appears irregular and contains different types of vacuoles. 
The karyosome is large and centrally located in the nucleus. 
No peripheral chromatin can be observed in this microor- 
ganism. 








15-60, 61 Acanthamoeba әр. Cysts from agar culture. Trichrome stain (15-60; 
x1250). Calcofluor white (15-61; x&00). With trichrome stain the membrane of Acanthamoeba 
sp. appears green-cvan with the typical wrinkled appearance. The cytoplasm stains red. and the nucleus has 
a prominent karyosome surrounded by a clear halo. With the calcolluor white stain. the typical wrinkled 
appearance of the cyst wall is very distinct. 


Nematodes 


Intestinal nematodes 





15-62 Ascaris lumbricoides. Fertile egg. 
Feces. lodine stain (x900). The typical fertile A. hum- 
bricoides egg is yellow-brown, has a thick, mammillated shell, 
is oval in shape, and measures approximately 60 х 40 jum. 
These eggs may lack the external mammillated layer and can 
be differentiated from hookworm and pinworm eggs hy their 
size and shape. 
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15-63 Ascaris lumbricoides. Infertile egg- 
Feces. lodine stain (x600). The infertile eggs of A. 
lumbricoides are oval, large (approximately 90 X 45 pm), lack 
one or more af the shell layers. and the contents have a het- 
erogeneous appearance due to the presence of fat globules and 
refractive granules. 


15-64,65 Enterobius vermicularis. Female (15-64) and male (15-65) adult worm. 
The female adult worm of E. vermicularis (pinworm) is white and measures from 8 to 15 mm in length by 
approximately 0.4 mm in width. In contrast, the male adult worm is much smaller, measuring 2 to 3 mm in 
length by 0.1 to 0.2 mm in width. The dilated cephalic region is similar in both sexes, while the tail is pointed 
in the females and blunted in the males. Females are more frequently found in cellophane tape preparations 
than the males. The cephalic inflation of the cuticle and the muscular and bulbous portions of the esopha- 
gus separated by a narrow region can be observed in Figure 15-65. 
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15-66 Enterobius vermicularis. Eggs. Feces. 
iodine stain (+600). Occasionally the eggs of E. vermic- 
ularis can be found in the feces. The eggs are oval in shape, 
with one side llattened, and measure in the range of 50 х 25 
jum. When the eggs are laid, they are partially embryonated 
and, as shown in this figure, no larvae can be observed. Eggs 
reach the inlectious stage 5 to 10 hours alter they are laid. 


15-668 Trichuriz trichiura. Male adult worm 
(2.8). The lemale worms measure 40 to 50 mm, while the 
male worms usually range from 35 ta 45 mm. In the male, the 
posterior end is coiled, while in the female it Is straight, Both 
sexes have a whiplike averall shape with a slender anterior end 
and a thicker, short posterior reglon, 


15-88 Trichuris trichiura. Egg. Feces. ladine 
stain (+800). The morphology of the T. trichiura eggs is 
[ашу characteristic. The eggs are oval in shape, measuring 
50 X 25 рт, with a thick hyaline wall that has two distinct 
mucoid condensatlons, or "plugs," at each end. The eggs are 
not embryonated in the stools, Embryonated eggs may he 
found in the soil 2 to 3 weeks after they are passed. 





15-67 Enterobius vermicularis. Eggs. Cello- 
phane tape preparation (225). The females lay 
eggs at night in the perianal region. Thus, the best time to col- 
lect the specimen with cellulose tape is early in the morning. 
The shell of the eggs Is thick and hyaline. In some of the eggs, 
it is possible to observe the larvae (not shown). 
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15-70, 71 Necator americanus. First-stage rhabditiform larvae. Iodine stain 
(15-70; «100, and 15-71 x500). The first-stage rhabditiform larvae of Mecator americanus measure 
approximately 2 2( to 280 pum in length hy 16 to 18 рт in width. The buccal canal (Figure 15-7 1) is long, 
while the genital primordium is small and difficult to sec. 


15-72 Hookworm egg: Faces. lodine stain 
(x800). The eggs produced by Necator americanus and by 
Ancylostoma duodenale are indistinguishable. The eggs are 
oval, large (70 40 pm), and have a thin shell. These embry- 
onaled eggs have from four to eight cells at the time they are 
passed in the stool, and they can develop first-stage larvae in a 
day or two when lett at room temperature. This is in contrast 
to the first-stage larvae of Strongaloldes stercoralis that are 
found directly in the feces. 


15-73 Strongyloides stercoralis. First stage 
rhabditiform larvae. Feces. lodine stain (х 75). 
The first-stage larvae are found directly in the feces and are 
the diagnostic stage of this microorganism. They measure 
200 to 400 yom in length by 15 to 20 pm in width. The para- 
sitic adult female measures approximately 2 to 3 mm in length 
by 30 to 40 wm in diameter. The pointed tail in the female is 
straight, and eggs can usually be observed in the genital tract. 
Females are parthenogenetic, and parasitic males do not exist. 
The male is smaller than the female worm and can be identi- 
lied by its curved. pointed tail. The parasitic female produces 
embryonaled eggs in the mucosal epithelium of the small In- 
testine, The embryonated egg hatches in the mucosa of the ep- 
ithelium, and the first-stage larvae migrate to the lumen and 
are passed in Ше [eces. Subsequently. these larvae mature into 
the third-stage larvae that are infectious, 
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15-74, 75 Strongyloides stercoralis. First-stage rhabditiform larvae. Feces. 
lodine stain (15-74, «1250; 15-75, x500). The first stage larvae of 5, stercoralis have a short 
buccal canal (as shown here) in contrast to the hookworm larvae that have a long buccal canal. In addition. 


in the 5. stercoralis first-stage larvae, the genital primordium is quite apparent (Figure 15-75), while in the 
hookworm larvae, the genital primordium cannot be seen. 





15-76, 77 Strongyloides stercoralis. Filariform larvae. Wet mount (15-76, =7'5). 
Rhabditiform larvae. Sputum. Gram stain (15-77, = 500). in immunocomproamised patients. 
hyperinfection may result in multiplication of 3. stercoralis in the intestinal tract, invasion of the wall, and 
migration of the third stage larvae to all the tissues. In this case the patient had invasion of the lung, and 
the larvae were observed on a wet mount preparation and on a Gram stain of the sputum, The filarilorm 
larva measures 400 to 500 pum in length, the tail is notched (not shown), and the esophagus occupies close 
to half of the body length. 


Tissue nematodes 


15-78 TrichineNa spiralis. Larvae, Muscle. 
Hematoxylin and eosin stain (x225). The adult fe- 
male produces larvae in the intestinal mucosa that migrate to 
the muscle, where they become encapsulated by the host tis- 
sues. These larvae measure up to 1 mm by the time they ma- 
ture, but initially they are approximately 100 pm in length by 
5 pm in diameter. 
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15-79, 80 Toxocara canis. Embryonated egg (15-79, 550) and egg with larvae 
(16-80, 700). Dog feces. lodine stain. The eggs of T. canis are spherical or oval, measuring 85 
x гэ шп, witha thick and pitted shell. These eggs are passed in the feces by dogs. Persons coming into con- 
tact with these feces, or contaminated soil, can acquire the infection by ingesting the infective eges, The in- 
fection in humans is diagnosed by serology or by Identifying the larvae in histological sections. 


Filaria 


15-81 








15-B1-15-B3 Loa loa. Microfilariae. Blood, Glemsa stain (15-81, «GOO; 15-82 and 
15-83, x1250). The microlilariae of L. lou measure approximately 240 X 7 um. Although the sheath is 
not visible on Giemsa stain, a clear halo can sometimes be observed surrounding the microorganism. The 
cephalic region does not have nuclei (13-82). Typically four to six nuclei at the tip of the tail are spaced 
evenly and extend to the end (15-83). Deerllies of the genus Chrysops transmit the microfilariae, which ap- 
pear in the blood during the day. The adult microorganism moves through the subcutaneous tissues, pro- 
ducing an inflammatory reaction termed Calabar and can enter the eye and migrate through the conjunc- 
tiva. The lemale adult worms measure 50 Lo 70 mm by 0.5 mm. while the males are usually half that size. 


15-84 
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15-84-15-86 Wuchereria bancrofti. Microfi- 
lariae. Blood, Giemsa stain (15-84, «500; 15-85 
and 15-86, «1250). The adult worm measures 4 to 10 
cm in length and lives in the lymphatics. producing Abrosis 
and obstruction. The microtilariae are transmitted by several 
kinds of mosquitoes including Aedes spp., Culex spp.. and 
Anopheles spp. The microfilariae are sheathed and measure ap- 
proximately 250 pm x 8 pum (Figure 15-84). The cephalic re- 
gion Is round (Figure 15-85). while the tail is pointed (Figure 
15-86). Both areas have an end space devoid of nuclei. The 
microlilariae are found in the lungs during the day while they 
circulate In the peripheral blood at night. 


15-87 Onchocerca volvulus. Tissue section. 
Hematoxylin and eosin stain (x30). The microtilar- 
iae of O. volvulus are produced by the adult female worms and 
become distributed in the skin. The female blackilies, Simulium 
spp- ingest these larvae when they bite. Following a develop- 
mental period of 1 to 2 weeks in the fly, the larvae are again in- 
fective to humans when the fly next bites. The adult worms 
produce nodules in the subcutaneous tissues ar in fascial 
planes. Onchacereal nodules are usnally well demarcated hy a 
thick band of connective tissue. Worms from hoth sexes are 
embedded in a chronic inflammatory inlilirate containing nu- 
merous blood vessels and giant cells. Microlilariae in the sur- 
rounding connective tissues produce an inflammatory intil- 
trate with plasma cells, eosinophils, and lymphocytes. 
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Trematodes 


15-88 Clonorchis sinensis. Adult worm 
(flukes). Carmine stain (x18). The aduh form of these 
trematodes lives in the biliary tract of humans. The adult 
worms measure approximately 10 to 30 mm in length by 2 to 
5 mm in width. The microorganism has a ventral sucker and 
the coiled uterus. ovary. and two branched testes occupy most 
af the body, 








15-89, 80 Clonorchis sinensis eggs. lodine (15-89, х1300) and trichrome stains 
(15-90, x800). The eggs of C. sinensis are ovoid and measure approximately 30 x 15 рт. The shell is 
relatively thick, and there is а well-defined operculum at the narrow end, and a small knob at the opposite 
side. The eggs release a free-swimming miracidium when hatched, 





15-91, 92 Fasciola hepatica. Egg. Feces. lodine stain (x 500). The unembryanated 
eggs of E hepatica are large, elongated, and measure 150 X 80 pum. The shell is thin with a small operculum 
that is difficult to see. The operculum can easily be opened by applying pressure to the coverslip (15-92). The 
adult worms are large, measuring 30 X 15 mm, and live in the liver and bile duct where they produce eggs 
that are discharged into the feces. 
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15-93 Paragonimus westermani. Egg. Feces. 
lodine stain (х 800). These eggs are large. usually 100 х 
50 jum, oval, with a thick shell and a well-defined operculum 
at the broad end. The opposite end is thickened but lacks a 
knob such as the one present in Diphyllobothrium latum eggs. 
The adult fluke lives in the lungs of humans and measures 
10 X 5 mm (not shown), 








15-94, 95 Schistosoma japonicum. Carmine stain. Adult male (15-94, «10) and 
cercaria (15-96, x226): The adult schistosomes reside in blood vessels (Figure 15-94). The eggs pro- 
duced by the adult female after reaching the water release miracidia that infect specific snails, their inter- 
mediate hosts, Following development in the snail, the cercariae (Figure 15-95) emerge and penetrate the 
skins of humans who are in direct contact with snail-infested water. 





15-97 Schistosoma japonicum. Egg. Feces. 
lodine stain (x 700). The emhrvonated eggs of S fapen- 
X 50 pm. and have a transparent shell with a conspicuous imm are ovoid, measure 90 X 50 рт, and have a thin shell 
terminal spine, and a small spine. 
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15-98, 99 Schistosoma mansoni. Egg. Feces. lodine stain («500). The eggs of 4. 
mansoni are large, 150 X 60 pm. elongated with a thin shell and a distinctive lateral spine, At the time that 
the eggs are passed in the feces, they contain a miracidium that in fresh preparations can be seen moving. 
In iodine preparations, the miracidium may stain dark (Figure 15-949), 





15-100, 101 Diphyllobothrium latum. Egg. Feces. lodine stain (х 800). The eggs ol D. 
latum are ovoid. measure 60 x 50 jum. and have a relatively thick shell. The operculum is not very distinc- 
tive, and the small knoh located at the opposite end in many instances cannot be observed. The operculum 
can rupture as shown in Figure 15-101. At the time they are passed in the feces, the eggs are unembry- 
onated. [t takes approximately 2 weeks before a ciliated embryo develops. 
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15-102, 103 Taenia saginata. Proglottids. 
Carmine stain (15-102, «5, 15-103, ~16). The 
gravid proglottids measure approximately 18 mm in length х 
5 to 7 mm in width with the genital pore located at the lateral 
margin, The proglottids passed in the feces can be identified by 
injecting India ink through the lateral genital pore and count- 
ing the number of primary lateral branches of the uterus. 
Proglottids with 13 or fewer branches belong to T. solium. 
while those with more than 15 lateral branches are T. saginata. 





15-104 Taenia solium. Scolex. Carmine stain 
(x18). The scolex of T. solium measures 1 mm in diameter, 
has four suckers, and a rostellum with two rows of hooks. The 
adult worm can measure up to 5 meters. The life cycle is simi- 
lar to that of T. saginata, although the eggs are directly infec- 
tious Lo humans. 








15-105 Taenia solum. Cysticercus. Carmine 
stain (x15). Infections of humans with T. sem occur in 
areas where pigs are bred. Ingestion of the eggs of T. solitm 
may result in cysticercosis. The eggs hatch in the small intes- 
tine and release oncespheres, which are carried in the blood- 
stream to distant tissues, where they mature into cysticerci. 
Cysts containing cysticerci may be formed in the central ner- 
vous system, skin, muscle, and skin. These cysts are usually 1 
to 4 cm In diameter and are filled with a clear fluid and a sin- 
gle scolex that is invaginated. 
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15-106, 107 Taenia solium progiottids. Carmine stain. (15-106, х5) (15-107, «15). 
The gravid proglottid: of T. solium have fewer than 13 lateral branches on each side of the uterine central 
care, These proglottids measure around 10 mm in length by 5 mm in width. 


15-108 Taenia spp. Eggs. lodine stain (500). 
The eggs af T. saginata and T. solium are spherical, measuring 
approximately 40 pm in diameter. The shell is thick with a ra- 
dial striation and can stain quite dark. In fresh eggs. а thin 
outer membrane can occasionally be observed. Inside the egg 
there is а six-hooked embryo. [t is important to be able to ob- 
serve these six hooks for final identification. These eggs have 
the same morphology as those of Echinococcus spp. The eggs of 
T. saginata are not infectious to humans, in contrast to those of 
T. salium. The eggs of T. saginata are ingested by cattle, and al- 
ter several months they develop in the muscles into cvsticerci. 
which are infectious lor humans. 


15-109 Hymenolepis nana. Egg. Feces. lodine 
stain (-1000). The eggs of Н. nana аге spherical to oval 
and measure 30 to 45 wm in diameter. The shell is thin, and 
the inner envelope has two polar thickenings that give rise to 
four to eight filaments located between the embryo and the 
shell. The embryo, or oncosphere, has six hooks. 
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15-110 Hymenolepis diminuta. Egg. Feces. 
lodine (x&O0O). These eggs are oval, large, measuring 80 х 
70 gum. with a thick shell and an inner membrane that sur- 
rounds the oncosphere. The oncosphere has six hooks and is 
surrounded by a membrane that does not have polar Ша- 
ments. 





15-112 Dipylidium caninum. Proglottids. Car- 
mine stain (x16). Dogs are the usual host of this parasite, 
but humans can acquire the disease by ingestion of infected 
fleas. The adult tapeworms measure up to 70 cm. The gravid 
proglottids measure 25 X 8 mm. and are divided into sections, 
each containing approximately 10 eges with six hooks. Typ- 
ically these proglottids have two genital pores, one on each lat- 
eral margin. The eggs can be found occasionally in the feces. 





15-111 Dipylidium caninum. Scolex: Carmine 
stain (x80). The scolex of this microorganism contains 
four large suckers and a conical, retractile rostellum with sev- 
eral rows of small spines. 





15-113 Echinococcus granulosus. Adult worm. 
Carmine stain {х 60). The adult worm ol the canine tape- 
worm E. granulosus measures 4 to é mm in length. has a scolex 
with four suckers and a rostellum with hooklets, and three to 
five praglottids, one of them immature. one mature, and ane ar 
two gravid. Dogs release eges in the feces, which are then in- 
gested by cattle, sheep, and other animals. Humans acquire the 
disease following accidental ingestion of E. granulosus eggs. 
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15-114 





15-11; 
15-116 





15-114-117 Echinococcus granulosus. Liver. Hematoxylin and eosin stain 
(«:00). Hydatid cysts are found in humans mainly in the liver and lung. They consist of an outer wall 
with a laminated. non-nucleated layer, and an inner layer called germinative membrane that is nucleated 
(Figure 15-114). The germinal layer gives rise to brood capsules with scoleces, Degeneration of these struc- 
tures results in а fluid material known as hydatid sand (Figure 15-115). In this ligure. it is possible to see the 
wall of the hydatid cyst and four brood capsules with protoscolex. The scoleces are invaginated in their own 
bodies. At higher magnification, it is possible to observe the rostellum with the hooklets (Figure 15-116). 
Placing the hydatid sand in saline may cause the scoleces to evaginate (Figure 15-117), 


15-118 Echinococcus granulosus. Eggs. lo- 
dine stain (x800). The eggs of E. granulosus are identical 
to the eggs of the Taenia spp. They are spherical with a thick, 
radially striated shell and measure 30 to 40 um in diameter, 
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Structures Frequently Found in the Feces that Require 
Differentiation from Parasites 





15-119, 120 Yeast cells. Feces. Trichrome stain (<1250). Yeast cells are usually round to 
oval und may stain different colors ranging from green to blue to red, depending on status of the wall of the 


microorganism. 





15-121,122 Plant cells (15-121: wet mount) and pollen grains (15-122: Trichrome 
stain). Feces (11250). Plant cells and pollen grains can frequently be seen in fecal specimens. The 
plant cells can widely vary in size and morphology (Figure 15-121). Pollen usually ranges in size from 15 to 
60 yum and has a natural brown to green color since ii does not pick up the stain. The wall may be smooth 
or, as in this case, may have a radiated structure (Figure 15-122). 





15-123 Plantar spiral. Feces. Trichrome stain 
(41250). These siructures are part af the spirovascular 
bundle of vegetables and are frequently found in the feces. 
They can have different sizes and degrees of coiling, and 
should not be confused with parasites. 








15-124 


Ciliated columnar epithelial cell. Bron- 
choalveolar lavage. Trichrome stain (x1250). 
Epithelial cells from the respiratory mucosa can be seen rela- 
tively frequently in pulmonary specimens. The morphology 
may vary depending on how well the specimen was preserved. 


15-125 White blood cells. Feces. Trichrome 
stain (x500). Polmorphonuclear leukocytes and 
mononuclear cells can be observed in stool specimens. These 
cells can be confused with members of the Entamoeha spp. It is 
important to consider the size, the ratio of the nucleus to the 
cytoplasm (usually close to 1:1 in the white cells), and the iri- 
ternal structure of the nucleus. Degenerated macrophages 
that have ingested debris, including red blood cells, may be 
particularly difficult to differentiate from E. histolytica. 


15-126 Charcot-Leyden crystals. Feces. Tri- 
chrome stain (x1250). These crystals are by-products 
of eosinophils and are commonly found in patients with para- 
sitic and allergic diseases. With the trichrome stain they usu 
ally stain a red color. 





CHAPTER 16 Virology 





iruses are the most common cause of human disease. Because of the difficulty 
in growing them in culture, they have only recently begun to be understood. 


In contrast to other microbes, mature viruses contain only one type of nucleic acid. 


DNA viruses that infect humans include pox viruses, some hepatitis viruses, wart 


viruses, and herpes viruses. RNA viruses include poliovirus, rabies virus, influenza 


virus, mumps virus, and many others. Viruses also have a protein coat, called a cap- 


sid, and some viruses may acquire a lipid envelope during migration from an 


infected cell or from the nucleus to the cvtoplasm of a cell. 


Viruses are either detected directly in clinical material using antigen 


detection tests including immunoserological stains and nucleic acid detection meth- 


ods, or thev are cultured in cells and recognized by their damage to the cells. called 


cytopathic effect (CPE). Antibodies to infecting viruses are also often used to diag- 


nose viral infections. 


Instrumentation and Equipment 





16-1 Microscopes (Olympus Optical Co., Ltd., 
Japan). A brightlield microscope equipped with epilumines- 
cence 15 shown on the righi and an inverted microscope is on 
the left. The lluorescence microscope is frequently used in the 
virology laboratory for the examination of clinical specimens 
and viruses in culture using immunolluorescent stains. The 
inverted microscope illuminates the sample from the bop, with 
the objectives underneath the specimen, This configuration 
allows the examination of the cell monolayer from the bottom 
of the container, while the cells are covered by the nutrient 
medium, Inverted microscopes are particularly useful for the 
examination of tissue culture cells in bottles, flasks, microtiter 
plates, and tubes, 
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16-2 Rack with tissue culture tubes. ПШсгеп1 
types of cell monolayers already seeded in tubes can be pur- 
chased from commercial companies. or can be prepared in the 
laboratory. The monolayers grow on the side of the tube that is 
covered with tissue culture medium when the tube is on its 
side during incubation. The rack is placed inside a 33° ta 37°C 
incubator after clinical specimens have been inoculated into 
the tube. The monolayers are observed under àn inverted mi- 
croscope [or the presence of СРЕ. 





16-3 Aoller drum (Bellco Glass, Inc., Vineland, 
М... This instrument holds. and continuously rotates, tubes 
containing cell lines. The drum is placed inside an incubator at 
33*-37"C. The holder containing the tubes can be removed 
from the incubator so that the tubes can be checked for CPE. 
This apparatus is most frequently used for culturing respiratory 
specimens for viruses such as influenza and parainlluenza. 
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16-4 Shell vial. А shell vial isa 15 X 45 mm glass vial 
containing culture medium and a round 12 to 13 mm glass 
coverslip on which a monolayer of cells has been cultivated 

To inoculate a clinical specimen. the medium is discarded, the 
specimen is added to the vial on top of the monolayer, and the 
vial is centrifuged. At the completion of the centrifugation, 
fresh culture medium is added and the vial is capped and incu 

bated. Specimens suspected of containing certain viruses, in- 
cluding cytomegalovirus, herpes simplex virus, varicella 
zoster virus, and the bacterium Chlamydia spp., among others, 
are processed using this technique since it shortens the time 
for identification of the pathagen and may increase the recov- 
ету. 


16-5 Multiple well plates. Plastic plates with 24, 45 
or 96 wells are used instead of shell vials by some laboratories 
for the isolation of viruses and Chlamydia from clinical speci- 
mens, The main advantage of these plates is that they allow 
for the simultaneous processing of multiple specimens. Prob- 
lems include the possibility of cross-contamination between 
specimerns and a lower sensitivity of the assay due to, al least 
in part. the decrease in sample volume. 





16-6, 7 Tissue culture flasks, Plastic or glass flasks of different sizes can be utilized to grow cell 
monolavers or cells in suspension. Once the flasks are seeded, they are placed inside incubators. 
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16-8 Spinner bottles. Thi: type of bottle is used for 
producing large quantities of viruses in cells that are grown in 
suspension. [n the center of the bottle there is a magnetic stir 
bar. When the bottle is placed on a stirring apparatus, the 
magnetic har spins around and maintains the cells in suspen- 
sion. The CPE can be visualized by taking an aliquot of the sus- 
pended cells and observing them under the microscope. 











16-9,10 Roller bottles. Roller bottles are also utilized for growing large quantities of viruses in cell 
monolayers (Figure 16-9). The cells are seeded into the bottle with medium and the bottles are placed in a 
roller bottle apparatus (Figure 16-10) located inside an incubator that continuously rotates the bottles. 
Once the cells are attached in a monolayer around the Interior walls of the bottle, the viral inoculum is 
added and the bottle placed back on the rotating module (New Brunswick Scientific, Edison, N. J-J. The cells 
can be harvested when the desired СРЕ is observed in the cell monolayer. 
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16-11 Liquid nitrogen tanks (Union Carbide 
Cryogenic Equipment, Danbury, Ct.). Liquid nitro 
gen containers are used for the long-term preservation of tis- 
sue culture cells and viruses. Specimens and isolates stored 
under liquid nitrogen, with a temperature of — 195*C, can be 
maintained in a viable state for indefinite periods of time, Al- 
though liquid nitrogen tanks are self-contained, (\.c., they do 
nol need electricity to maintain the temperature) thev need to 
be replenished with liquid nitrogen ona regular basis because 
the nitrogen is continuously being lost due to evaporation. 


Detection and Identification of Viruses 
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16-12 Adenoviridae. Adenovirus. Direct flun- 
rescent assay. Nasopharyngeal swab (*300). 
For the direct detection of adenovirus-Infected cells, a mouse 
monoclonal anti-adenovirus antibody is lavered onto and in- 
cubated with the fresh specimen on a slide. A goat antimouse 
luorescein-labeled conjugate with Evans blue counterstain is 
then added. As shown here, positive specimens have ап apple- 
green stippled staining of the nucleus. 
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16-13, 14 Adenoviridae. Adenovirus. MHC-5 cells. Cytopathic effect (CPE). 
Phase contrast (+225). Adenoviruses prow well in a variety of human cell lines such as Hela, HEp- 
2, KB, А549, and can also be isolated in primary human kidney cells and in fetal diploid fibroblast, such as 
MRC-5, cell cultures, Typically the initial CPE appears at 3 to 5 days and consists of rounding of individual 


Е 


cells (Figure 14-13) that subsequently become significantly enlarged and refractile, giving the appearance 
of balloons. As the CPE continues and involves the sur rounding cells, it forms grapelike clusters (Figure 


1 5-14). The CPE usually spreads to the rest of the monolayer over a period of days. 
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16-15 Adenoviridae. Adenovirus. МЯС-5 cells. 
Culture identification. Fluorescent stain (x S500). 
To confirm the identification ef an adenovirus, thiorescein 
labeled monoclonal antibodies can be used. Here fluorescence 
is visible both in the cytoplasm and the nucleus of the infected 
cells. Adenoviruses replicate in the nucleus where bright 


fluorescent dots can be observed, 








16-16, 17 Adenoviridae. Adenovirus. Electron microscopy. Transmission (16-16, 
127,500) and negative staining (16-17, » 100,000}. Tissues ar cells suspected of containing 
adenoviruses can be fixed. cui, and stained lor observation by transmission electron microscopy. Aden 
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aviruses can form crystalline arrays in the nucleus of the cell {Figure 15-16). Urine and feces specimens can 





be clarified and observed using the negative-staining technique. in which the background is stained dark to 
reveal the unstained virus particles (Figure 16-17). Adenoviruses measure 60 to 90 nm in diameter. do not 
have an envelope, are of cubic symmetry. and possess a capsid composed of 252 capsomers, each approxi- 


mately 7 to 9 nm in diameter. 


16-18 Adenoviridae: Adenovirus. Antibody 
detection. Fluorescent assay [*BOO) Severa 
techniques can be used for the detection of antibodies ta 
adenoviruses including complemen fixation tests, hemagglu- 
tination inhibition. enzyme immunoassays, and fluarescent 
methods. This figure shows the detection ol antibodies to ade 


velia cells are infected w ith adenovirus, mixed with non 





infected cells, and then the cells are fixed to a glass slide, The 
serum from the patient is incubated with the specimen and 
washed: an antihuman Iluorescein-labeled globulin is then 
added, and the specimen is observed using a fluorescence mi 
croscope. Ш antibody is present. as in this case, infected cells 


lluoresce apple Zreer. 








16-19 Caliciviridae. Calicivirus. Feces. Elec- 
tron microscopy. Negative staining [»400,000). 
Caliciviruses have been identified as a frequent cause of gas- 
troenteritis in voung children. Diagnosis requires electron mi- 
croscopy or immunoserological testing. These virions are 
spherical. 35 to 40 nm in diameter, with $2 cup-shaped de- 
pressions and icosahedral symmetry. 





16-21 Herpesviridae. Herpes simplex virus 
(HSV). Skin lesions. [ISV-1. in general, produces infec- 
tions in the upper part of the body, while HSV-2 is frequently 
isolated from sites below the waist, including the genital area. 
Skin and mucocutaneous lesions, in the form of Muid-filled 
vesicles approximately 2 to 5 mm in diameter, evolve over a pe- 
riod of 7 to 14 days. At the time that vesicles are present, di- 

eet antigen detection from scrapings of tissue at the vesicle 
base using monoclonal antibodies is a highly specific and sen 
sitive method. 
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tron microscopy. Negative staining («100,000). 
Coronaviruses have been associated with acute upper respira- 
tory tract infections in children and diarrheal illnesses in chil 
dren and adults. Identification of these viruses requires elec- 
tron microscopy studies or culture in human embryonic 
trachea tissue cultures. The coronaviruses are enveloped, 
pleomorphic particles that measure 80 to 1 20 nm in diameter 
This family of viruses is named for the club-shaped peplomers 
(virally encoded proteins) that project from the envelope and 
hat, as shown here, form a thin border resembling a “solar 
corona under electron microscopic examination of nega- 
tively stained preparations. 





16-22 Herpesviridae. Herpes simplex virus 
(HSV). Direct antigen test kit (Syva, Co., San 
Jose, Calif.). ^ system frequently used for the detection of 
certain pathogens. such as HSV and Chlemglia trachomatis, is 
shown in this slide, Swabs are provided for collecting specimens 
Irom the eve, the female cervix and the male urethra, or other 
body sites. Once the specimen Is collected, the swab is rolled 
onto the glass slide and fixative is added. The slide, enclosed in 
the provided container, is then submitted to the laboratory for 
staining with a Huorescein-labeled monoclonal antibody. 
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16-23 Herpesviridae: Herpes simplex virus 
(HSV). Direct immunofluorescent assay (DFA) 
(x600). Direct staining with a specilic monoclonal antibody 
ol infected cells collected from the base of HSV vesicle allows 
lor the rapid detection and identification of this virus, Al 

though this technique may be overall less sensitive than cul- 
ture, it has the advantage that a viable virus is not required bor 
obtaining a positive result. An additional advantage is that the 
test results are available shortly after collecting the specimen. 
As shown in this DEA-stained slide, infected cells show an ap 


ple-green fluorescence in both cytoplasm and nucleus. 


16-24 Herpesviridae. Herpes simplex virus. 
Cervical swab. Horseradish peroxidase stain 
{x300}. Cervical specimens. collected as for Pap smears, can 
be stained with specific antibodies to HSV. As shown here, in 
fected cells stained with horseradish peroxidase have а brown 


ыш, 





16-25, 26 Herpesviridae. Herpes simplex virus (HSV). MHC-5 cells. CPE seen 
under phase contrast (« 225). HSV | and 2 grow rapidly in vitra. producing CPE in 24 to 48 hours 
Several cell lines can be used to isolate and identify these viruses, including human diploid fibroblasts such 
as МЕС-5 ог WI-38, and primary rabbit kidney cells. As shown in Figure 16-25. carly СРЕ is characterized 


by large, round cells appearing as localized [oci in several areas of the monolayer. The CPE progresses rapidly 
and by 3 to 5 days usually involves the entire monolayer, Occasionally, formation of multinucleated svncy- 


tial giant cells can be observed (Figure 16-26). 
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16-27, 28 Herpesviridae. Herpes simplex virus (HSV). MRC-5 cells. Shell vial 
culture. Fluorescein (16-27, +300) and horseradish peroxidase stains (16-28, 
x226). The monolayers were stained after 48 hours of incubation. After fixation, a fluorescein-labeled 
monoclonal antibody (Figure 16-27) ox a horseradish peroxidase-labeled antibody (Figure 16-28) was used 
to detect the infected cells. Specific monoclonal antibodies to HSV 1 and 2 can be used separately or in com 
bination, thus allowing for typing of the isolate. 





16-29, 30 Herpesviridae. Herpes simplex virus (HSV). Transmission electron mi- 
croscopy (16-29, «100,000; 16-30, 35,500). The family of Herpesviridae has several mem- 
bers that are frequent human pathogens, including HSV 1 and 2, cytomegalovirus, varicella zoster virus 

and Epstein Barr virus. in addition to the recently discovered HSV 6, HSV 7, and HSV 8. All have a similar 
morphological structure consisting of a cylindrical core containing the viral DNA, an icosahedral capsid 
that measures 90 to 1 10 nm in diameter, a granular zone that surrounds the capsid, and an external enve 

lope. The complete viral particle measures 180 to 200 nm in diameter. As shown in Figure 16-29, the viral 
particles form in the host cell nucleus, but the envelope is acquired at the time of budding through the 
cellular membrane (Figure L6- 30). 
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16-31 Herpeosviridae. Herpes simplex virus 
(HSV). Antibody detection. Fluorescent stain 
(1225). Human diploid cells infected with HSV | or 2 can be 
used as substrate to detect antibodies to these viruses in hu- 
man serum. There is a significant amount of cross reactivity 
between antibodies to HSV 1 and HSV 2 and thus, these tests 
should not be used to identify the specific virus causing the in- 
fection. Western blot analysis and detection of antibodies to 
specilic HSV 1 and HSV 2 antigens are now available for that 
purpose, 
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16-32 Herpesviridae. Cytomegalovirus (CMY). 
MAC-S cells. CPE seen under phase contrast 
(xzEB) CMV has species-specilic growth requirements; 
thus, human diploid fibroblast cells, either MRC-5 or W1-38, 
are used for culture. The foci of CPE are slow to appear bui 
usually are visible by 5 to 10 days, so cultures should be main- 
tained for up to 21 days. CPE is characterized by the presence 
of round. large. refractile cells in elongated foci parallel to the 
long axis of the monolayer. The CPE spreads slowly and, as a 
result, the surroundinz cells maintain a normal morphology 
[or extended periods of time. In most instances. unless the ini- 
tial inoculum is large, the entire monolayer Is not involved. 





16-33, 24 Herpesviridae. Cytomegalovirus (CMV). MAC-S cells. Shell vial. 


Immunofluorescent stain (1500). The use of the shell vial centrifugation method has allowed 
early detection of CMV In clinical specimens. Following centrifugation of the specimen onte the monolayer, 
the culture is incubated for 24 to 48 hours at 37°C and subsequently stained with a monoclonal antibody 
to one of the early CMV antigens. As shown in Figure 16-33, staining of the nuclei occurs early, before cy- 
topathic effect can be detected. Monolayers stained at a later time after infection show both nuclear and cy 


Loplasmic fluorescence. Early CPE can be observed in Figure 16-34. 
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16-35, 36 Herpesviridae. Cytomegalovirus (CMV). 16-35; Kidney. Hematoxylin 
and eosin (H&E) stain (500). 16-36; Lung. Horseradish peroxidase (HAP) stain 
(+600). Tissues infected with CMV may have nuclear and cytoplasmic inclusions. The most characteristic 
nuclear inclusions have the appearance of an “owl's eye" as a result of the retraction of the tissue. produc- 
ing the clear halo. Granular eosinophilic inclusions in the cytoplasm are not so distinctive. These inclusions 
are visible in H&E stained preparations (Figure 16-35) but the use of specific antibodies labeled with HRP al 


low for a more specific and sensitive identification (Figure | 6-34). 


16-37 Herpesviridae. Cytomegalovirus (CMV). 
Antibody detection. Immunofluorescent assay 
(+500). Monolayers of human fibroblasts are Infected with 
CMV for use as the substrate for this assay. It is important to 
have a mixture of infected and noninfected cells in the mono- 
layer in order to be able to discriminate between specific and 
nonspecihlic staining. The speciiic CMV staining should be 
mainiy nuclear, as shown here. Seroconversion fram a nega- 
tive Lo à positive status is а good indication of a primary infec- 
tion. However, changes in antibody titers should only be inter- 
preted in conjunction with other clinical and laboratory 
parameters. 








16-38, 39 Herpesviridae. Varicella zoster virus (VZV). Skin lesions. H&E stain 
16-38, «30 and 16-39, «Soo. Iniraepidermal vesicle resulting Iram a VZV infection [Figure 15-38). 
Several muliinucleated giant cells with eosinophilic Cowdry type A (typical intranuclear) inclusions are vis- 
ible (Figure 15-39]. 
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16-40 Herpesviridae. Varicella zoster virus 
(VZV). Skin lesion. Direct fluorescent assay 
(200). Specilic monoclonal antibodies can be used for the 
dentification of VZV infected cells in clinical samples. As 


shown here, illuarescein-taggsed antibodies produce apple- 





ureen fluorescence in the nucleus and cytoplasm of the In- 


lected cells. 





16-42 Herpesviridae. Varicella roster virus 
(VZW). Shell vial. 
Human diploid lung cells are used to prepare shell vials for the 
detection of VZV. Commercially аташ 
gated monoclonal antibodies are used to stain the monolayer 


18 to 72 hours after inoculation. This method greatly facili- 


Fluorescent stain [:500). 


ible Hluarescein-eonu- 


tales the identification of VZV and speeds up the process by 


PE. Nuclear and cy 


Ltoplasmic fliorescenee can be observed In this slide. 


several days compared with waiting far ¢ 


16-44 Herpesviridae. Epstein-Barr virus 
(EBV). Commercial particle agglutination test 
for serological diagnosis. EBV does not readily grow 
in tissue culture; therefore, the diagnosis of an EBV inlectian is 


й 
i reenine test lor 


frequently made using serological tests. A scre 


heterophile antibodies, IgM antibodies that reac 






t with anti- 
gens ihat are not related to the organism producing the anti- 
body response, is positive in most patients with infectious 
mononucleosis. A latex agglutination test, “Monospot-type" 
test (Figure 16-44, Biokit USA, Inc.. Lexington, Mass, ), is otten 


used to detect heterophile antibodies. 
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16-41 Herpesviridae. Varicella roster virus 
(VZV). 4549 cells. CPE seen under phase con- 
trast (»225). Human diploid fibroblast cell cultures are 
used in most laborabories for the isolation and identification of 
VZV. The CPE produced is slow to appear and does not spread 
readily to the rest of the monolayer. The cullures should be 
maintained lor 2] 


days before they are discarded. Figure 
6-41 shows VZV CPE in A544 cells. in which the initial CPE 
consists of swollen. relractile cells. As the CPE progresses, И 
acquires a doughnutlike shape containing a center of necroti 
cells surrounded by large, refractile, giant cells. Spread of the 
foci occurs hy infection of adjacent cells. since the virus is 


highly cell-associated, 





16-43 Herpesviridae. Varicella roster virus. 
Antibody detection. Immunofluorescent assay 
{x300}. Cells infected with VZV can be used as the antigen 


in an indirect immunofluorescent test for the presence of anti- 


= biokit теч 


bodies to this virus. 
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16-45, 46 Immunofluorescent tests for antibodies to Epstein-Barr virus struc- 
tural antigens. Detection of antibodies Lo specilic antigens of EBY can be accomplished using cell lines 
infected with EBV as substrates for indirect immunotluorescent methods. P 3HR-1 cells expressing the ЕВА 
viral capsid antigen (VCA) are used for detecting IgM (Figure 16-45) and le (Figure 16-46) antibodies to 
TUA. 





16-47, 4B immunofluorescent tests for antibodies to Epstein-Barr virus early 
antigens. Antibodies to two types of carly antigens (EA) are seen in infected Raji cells: diffuse (D). in 
which the antigen is distributed in the nucleus and cytoplasm (Figure 16-471: and restricted (Е), in which 


the antigen is only in the cytoplasm. Figure 165-48 shows antibodies against both D and R early antigens. 





16-50 Orthomyxoviridas. Influenza А. Direct 
46-49 Immunofluorescent test for antibodies fluorescent assay (1350). Nasopharyngeal speci 
against nuclear antigen of Epstein-Barr virus mens can be directly stained using [uorescein-labeled mono 
(EBNA). The Raji cell line is also used lor the detection of an- clonal antibodies to influenza A, B, and C viruses. An apple- 
tibodies to EBENA using an anti-complement indirect immuno- green fluorescent granular pattern can be observed in the 


$ і У Lom 1 "лык F thie infa А “|| 
fluorescent staining technique. nucleus of this infected cell 
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16-51, 52 Orthomyxoviridae. Influenza A. African green monkey kidney cells. 
Hemadsorption. Phase contrast (xzzs&). Ali/iough in rhe past embrvonated hens’ eggs were 
used for the isolation of influenza viruses, continuous cells lines are currently utilized in most laboratories. 
Certain viruses, including inlluenza. paraintlnenza, and mumps viruses. produce glycoproteins that are in- 
corporated Inte the host cell membrane. Although these viruses cause minimal or no cytopathic effect. 
guinea pig red blood cells adhere to the host cell membranes when they are added to tissue culture cells in- 
fected with these viruses. This phenomenon, termed lemadsarpiion, is demonstrated in Е igure 16-51. Figure 
15-52 shows a control uninfected monolayer of African green monkey kidney cells. 


16-53 Orthomyxoviridae. Influenza. Shell vial. 
Fluorescent stain (300). Inoculation of the speci- 
men into a shell vial followed by staining at 48 to 72 hours 
with à specific fluorescein-labeled monoclonal antibody al- 
lows for the rapid detection and identification of inlluenza 
viruses fram clinical specimens. Fluorescent staining appears 
both in the nucleus and cytoplasm of the infected cells. 





16-54 Orthomyxoviridae. Influenza. Antibody 
detection. Immunofluorescent assay, (x 500). 
Complement fixation, enzyme immunoassays, hemagelutina 
tion inhibition, and fluorescent methods are used for the de- 
tection of antibodies to influenza viruses. In this slide. a mono- 
layer of cells infected with influenza has been used as a 
substrate to test bor the presence of anti-influenza antibodies 
using an indirect immunaoltluorescent method. 
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16-55, 56 DOrthomyxoviridame. Parainfluenza 3 (16-55) and 4 (16-56). Nasal 
washings. Immunofluorescent staining (500). lFluoresceinslabeled monoclonal antibodies 
are used lor direct staining of clinical specimens for the detection of parainfluenza types 1, 2, 3, and 4 
viruses. The lluorescent staining appears predominantly in the cytoplasm of the cells 


Ё, 16-57 Papovaviridae. JC virus. Progressive 
multifocal leukoencephalopathy (PML). Brain 

tissue section. Immunoperoxidase stain (2500). 

aA S. | Pluorescent and enzymatic immunostaining methods and nu 

| cleic acid probes can he used for the detection of the [C virus in 


4 biopsies from patients suspected of having PML. In this case, 


E 
"x 


the infected glial cells stain dark brawn 





16-55, 59 Paramyxoviridae. Measles. Phytohemagglutinin stimulated cord 
blood mononuclear cell culture. СРЕ; 16-58 |: 500). Fluorescent staining; 18-59 
(x200). Primary monkey kidney and Ver: 

The resulting CPE may consist of spindle-sh 


з cells аге frequently used for the isolation of the measles virus. 
aped single cells or syncytial multinucleated giant cells. Periph- 
eral blood mononuclear cells have also been used for detection of the measles virus where, as shown in Fig- 
ure 16-58, formation of giant cells can be observed. The virus responsible for the CPE can be conlirmed by 


staining the culture with fluorescein-labeled antibodies (Figure 16-591 
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16-60 Paramyxoviridae. Measles. Vero cell 16-61 Paramyxoviridae. Measles. Lung tissue 

culture. Fluorescent staining (x30). The measles section. НЕЕ (=500). Measles virus inlections in the 

virus-infecied cells are stained with a fluorescent-labeled spe lungs can produce a severe pneumonia. The histological sex- 

cific antibody tion shown here depicts the formation of multinucleated giant 
cells | Warthin-Finkeldey cells) 


16-62 Paramyxoviridae. Measles. Antibody 
detection. Indirect immunafluarescent assay 
[x 500). Antibodies to the measles virus can be detected us 
ing different techniques, including complement fixation, indi- 
rect fluorescent antibody stains. hemagglutinin inhibition 
and enzyme immunoassays. In this slide. а measles-infected 
cell culture has been incubated with patient serum and 
stained with a fluorescein-conjugated antihuman immunea- 


globulin, Either IgG or IgM can be detected in this way 


16-63 Paramyxoviridae. Respiratory syncytial 
virus (RSV). Direct fluorescent assay (= 500). 

luorescein-labeled monoclonal antibodies can be used for the 
direct detection of RSV in clinical specimens. Typically an ap 
ple-green stippled fluorescence can be observed In the nucleus 
and cvtoplasm of the infected cells, as shown in this slide. RSV 
is sensitive Lo temperature and dry canditions and as a result, 
it quickly loses its viability unless it is collected and trans- 
ported to the laboratorv under optimal conditions. Thus, in 
cerlain clinical situations, the direct assays may be more ser- 
sitive than culture 





Virology 191 


16-64, 65 Paramyxoviridae. Respiratory syncytial virus. CPE in MRC-5 cells. 
Phase contrast (х 225). ПЕр-2, HeLa, and МЕС-5 cell lines are frequently used for the isolation of 


RSV. CPE usually appears by 5 to 10 davs and is characterized by the lormalion of multinucleated giuni syn 





cytial cells (Figure 16-64). Occasionally, on heavily positive specimens, CPE may appear by 2 lo 4 days: in this 


case the monolayer may show only rounded up cells that can be confused with a toxic or degenerative effect 


(Figure 16-65], 
р 


16-66 Paramyxoviridae. Respiratory syncytial 
virus. MHU-& cells in shell vial. Culture identifi- 
cation. Fluorescent stain (1300). RSV can be iden- 
tified in cell culture using fuorescent-labeled monoclonal an- 
tibodies. As shown in this slide. an apple-green bright speckled 


stain con he observed in the cytoplasm of the infected cells. 
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16-67, 68 Picornaviridae. Echovirus 11. CPE in MAC-5 cella. Phase contrast 
(x£25). The family Picornaviridae includes four genera: enterovirus, rhinovirus, cardiovirus, and aph- 
thovirus. The first two genera are significant human pathogens. The enteroviruses comprise the coxsack- 
leviruses, echoviruses, and polioviruses. Most of the enteroviruses replicate well in primary monkey kidnes 
cells and produce CPE in 2 to 5 days. As shown in Figure 16-67, the infected cells round up. shrink. and be- 
come refractile. The cells quickly degenerate, with marked pyknosis (shrinking) of the nuclei. and detach 
from the surface ol the container (Figure 16-68), Identilication of the specilic enterovirus isolate is per 


formed by blocking the infectivity with pools of neutralizing sera. 
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16-68 Picornaviridae. Rhinovirus. CPE Іп 
MRC-5 cells. Phase contrast («225). Human 
diploid fibroblasts are often utilized for the isolation of rhi- 
noviruses from clinical specimens. IL is recommended that 
these cultures be incubated in roller drums inside incubators 
at 13 to 34°C. The СРЕ is characterized by the formation of 
rounded cells of uneven size and a refractile or ground glass 
appearance. These foci of CPE usually become evident during 
the first week and subsequently spread throughout the rest of 
the monolayer. 





16-71 Reoviridae. Rotavirus. Feces. Electron 
microscopy. Negative staining (x100,000). Ro- 
laviruses are one of the most common agents causing acute 
gastroenteritis in children. Visualization by electron mi- 
croscopy was the standard method for detecting these viruses 
in fecal specimens until sensitive enzyme immunoassays were 
developed; now ЕТА Is the mast frequently used method for di- 
agnosis. Rotavirus particles measure approximately 70 nm in 
diameter and have the appearance o£ a wheel. thus the name 
Rete from the Latin word for wheel, The core contains 11 seg- 
ments of double-stranded RNA and is surrounded by a capsid 
that has 92 capsomers. 


16-70 Poxviridae. Vaccinia virus. Tissue cul- 
ture preparation. Transmission electron mi- 


croscopy (560,000). Poxviruses are large and very 


complex viruses with a typical brick-shape morphology mea- 
suring 250 X 200 nm. The internal biconcave core contains 
the DNA genome, Two lateral bodies are arranged along the 
concavithes of the core, and the virion is surrounded by a viral 
membrane. Inside the host cell. the virion may have a double 
membrane that is lost when the virus is extruded from the cell. 





16-72 RAetroviridas. Human immunodeficiency 
virus type 1 (HIV-1). Tissue culture. Transmis- 
sion electron microscopy (100,000). HIV has a 
cylindrical core surrounded by the viral envelape. In this slide, 
transverse sections of the core appear round and electron 
dense. The virions measure 80 to 100 nm in diameter and 
have glycoprotein projections, as shown here, that measure 8 
to 10 nm in diameter. The virions bud from the cytoplasmic 
membrane of the host cell. (Special thanks to Dr. Edward 
Robinson for growing this preparation of HIV-1 ). 
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J 16-73 Retroviridae. HIV-1. Antibody detection. 

— А Enzyme immunoassay. Screening lor the presence of 
antibodies to HIV-1 is often performed by ELA. The antigen 

used in these tests can be purified HTV-1 particles or HIV-1 re- 

combinant proteins that have been expressed in E. cali or in 

another type of vector. The antigen is attached to a solid phase 

(such as the plastic bead shown here) and the patient samples 

are added. Following incubation and washing, an enzyme- 

labeled antihuman antibody is added. The sample is again in- 

f cubated and washed. Addition of the substrate results in the 
formation of a color reaction (first tabe on the left) that can be 

measured with a spectrophotometer. A positive EIA test 

should be confirmed by Western blot or an immunoltluores- 


cent assav. 
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16-74, 75 Retroviridae. HIV-1. Antibody detection. Western blot test. Immurna 
blotting is similar to enzyme immunoussays (ELA). The microorganism of interest, in this case HIV 1, is dis 
rupted using a detergent and heat, and the various viral components (antigens) are separated in a gel by 
electrophoresis. The antigens on the gel are transferred (blotted) to a nitrocellulose membrane using a spe- 
cial instrument (Figure 16-74, BioRad, Hercules, Calif). Serum from the patient is incubated with strips cut 
from the membrane. After binding has occurred, enzyme-Iabeled antihuman globulin and the substrate for 
the enzyme are added. A colored enzymatic end product is produced in the regions (bands) of the strip where 
the antibodies from the sample were bound to the antigenic components of the pathogen (Figure 16-7 5). 


16-76 RAetroviridae. HIV-1. Antibody detection. 
Immunofluorescent assay (x300). The substrate lor 
this test consists of a mixture of HIV-1 infected and uninfected 
H9 cells (a T cell line), which are used to prepare a smear on a 
microscope slide. The serum to be tested is added and incu- 
bated. This is followed by a second incubation with an antihu- 
man immunoglobulin conjugated to [luorescein iso- 
thiocyanate. Positive IFA reactions are delined as diffuse 
cytoplasmic fluorescence, bul in certain instances, positive 
staining patterns may be local or limited to membrane stain- 
ing. Nonspecific staining can be adsorbed out using nonin- 
fected H9 cells. 








CHAPTER 17 Immunoserology 


or many infections it is difficult or impossible to isolate an infecting microbe in 





patient material. Antibodies to specific antigens of pathogens can be used to 
detect the microbe in such clinical specimens. Alternatively, microbial antigens can 
be used as targets to detect the presence of a specific antibody response in an 
infected patient. Unlike culture or direct visualization methods, these immunologi- 
cal techniques may allow determination of past infection and thus immunity to a 
pathogen. They are not as specilic as isolation, however, and the sensitivity is not 
always as high as desired. If a change in antibody level is necessary for definitive 
diagnosis, the time to final result may diminish the clinical utility of the procedure. 
The figures in this section illustrate several standard immunological techniques. 


17-1 Enzyme immunoassays (ЕШ) (Abbott Di- 
agnostics, Inc., Chicago, IL). ЕПА, or enzyme-linked 
immunosorbent assays (ELISAs), are [requently used for the 
detection of antigens or antibodies in clinical samples. Com- 
plete kits containing all ihe necessary reagents are now avall- 
able for the detection of many microbial antibodies and anti- 
gens. Figure 17-1 shows a commercially packaged kit (top 
view of the bottles, as boxed in a foam support) for the detec- 
tion of hepatitis C virus antibodies. 


17-2 Multichannel pipettor (Biohit, Ine., La 
Jolla, Calif.). То expedite the testing, multichannel pipet- 
tors that allow for the simultaneous delivery or withdrawal of 
specific amounts of liquids from several samples are used. 
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17-3 Direct ELA. The basic principle of ELA tests uses an antigen or an antibody bound to a solid phase 
[often a plastic well or a plastic bead) to which the patient sample is added. If the appropriate homologous 
component is present, antigen-antibody binding occurs. In the direct ELA, a labeled antibody (called а con- 
jugate) against the bound substance is subsequently added to the reaction. The label is usually an enzyme 
that catalyzes a reaction vielding a colored end product. Addition of the enzvme's substrate results in color 


development. 


17-4 Indirect EIA. For this test, an unlabeled specific an- 
tibody is added to the specimen before the second labeled con- 
jugate is added. Thus a single conjugate can he used to detect 
antibodies of the same Fc type directed against numerous dii- 
ferent specific antigens. Figure 17-4 shows a positive reaction 
in wells on the top row (yellow end product of horseradish per- 
oxidase enzyme and orthophenylenediamine substrate) and 
negative reactions in the wells on the bottom row. Other con- 
jugates utilizing chemiluminescent, fluorogenic, or radioac- 
live substrates are also in use. 
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17-5 Complement fixation method. In ihe pasi, antibodies to certain infectious disease agents, 
primarily viruses, could be detected only by complement fixation. In this system, an antibody directed 
against red blood cells (ЕВС is able to lyse the RBC only in the presence of complement. The antigen against 
which the antibodies to he detected have been produced is introduced into the system, along with serum be- 
ing tested. If the serum contains antibodies, they will bind to the specilic antigen, and the subsequent anti- 
gen-antibody complexes will bind, or "fix" complement. Without free complement, the antiRBC antibody 
cannot lyse the RBCs, and they form a button at the bottom of a well in a microtiter plate or a tube. 
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antiviral antibody 
17-6, 7 Direct and indirect immunofluorescence (IF) methods. IF methods can be uti- 
lized [пг the detection of specilic microbial antigens and antibodies. Direct (Figure 17-6) or indirect [Figure 
17-7) approaches can he used. 
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17-9 Microimmunofluorescence (MIF) test for 
rickettsial antibodies. Suspensions of six rickettsial 
antigens: Rickettsia rickettsil, R. akari, R. typhi, К. prowazekii 
and Coxiella burnetii phase I and II microorganisms аге placed 
as dots on а multiwell glass slide. The top row of wells has been 





marked with a black pen ta demonstrate how several antigen 
17-8 Indirect fluorescent antibody method for 


Toxoplasma gondii antibodies. T. пола cysts on the 


surface of slides act as the antigen. The serum samples to he 


dots can be placed into one well for the MIF test. 


tested are layered over the cysts, and the slides are incubated 
to allow binding of specilic anti Taxoplusria antibody present in 
the serum. Subsequently antihuman immunaglobulin conju- 
gated with a fluorescent dye, fluorescein isothiocyanate. is 


added, and unbound conjugate is washed off. In a positive as 


say result (Figure 17-8). the microorganisms lluoresce. 


17-10 Positive MIF test for rickettsial antibod- 
len. After patient serum and the fluorescein labeled im- 


munoglobulin are added, a positive reaction reveals strongly 


which the patient has produced antibody, and may show 


weakly fluorescent results for the other species. 


17-11 Indirect immunofluorescent test for anm- 
tibodies to Borrelia burgdorferi. D. burgdorferi, the 
spirochetal agent of Lyme disease. is used as substrate, Both 
IgG and IgM antibodies can be detected. 
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17-12 Coccidisides immitis. Antibody detec- 
tion. Passive immunoprecipitation test. The C. im- 
mitis antigen is placed in the central well of the gel, and pa- 
tient and control sera are placed in the six peripheral wells. 
Immunoprecipitation of the antigen-antibody complex occurs 
following passive diffusion of the antigens and antibodies to- 
ward each other within the gel. To ensure specificity, the posi- 
tive sample must produce a line of identity with the positive 
control ieg. the precipitation line formed by the patient's 
sample merges wilh that of the positive control). 





17-13 Indirect hemagglutination (IHA) test for 
detection of antibodies to Entamoeba histalyt- 
loa. ln this test, E. histolytica antigen is adsorbed onto the 
surface of tanned human erythrocytes. Sera having specific 
Igi or IgM antibodies to this microorganism will agglutinate 
the RAC. which will result in the appearance of a mat in the 
bottom of the U-shaped wells in a microtiter plate. If the sam- 
ple does not have antibodies to E. histolytica, the така will 
form a compact cell button (negative control, row 2). In gen- 
eral, patients with extra-intestinal amebiasis dev vies antibod- 
les 1 to 2 weeks into their symptomatic phase. Positive and 
negative serum controls and nonsensitized cells should be 
used in the test to ensure the specilicity and sensitivity of the 
reaction. 





17-14 Microhemagglutination assay for the 
detection of antibodies to Treponema pallidum 


(MHA-TP). This test is used to detect the presence of specific fb» fo 45b ^ш їй» Sys mw Ne H pil we Маг. 
antibodies to Т, pallidum, present in patients with syphilis. The Iu (A E (a) Го) © 0,010 ХОС, D P | 
antigen for the test consists of formalinized tanned sheep RBC UY Wr F: i 
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sensitized with T. pallidum (Nichols strain). The sample is first 
adsorbed with nonpathogenic Reiter treponemes to remove i 2C) С o nf © 10 


cross-reactive antibodies. Sensitized sheep RBC are then 
added. Samples containing antibodies to T. pallidum will react V / 9 2 м 
= 4 f^ C) ES 





with the RECs, which will form a smooth mat of agglutinated Ju Ө. 
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the other hand, if there are no antibodies to T. pallidi, the a ЧИР .-o m 


unagglutinated RBCs will form a button (row 3). 
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17-15 Detection of antibodies to Coccidioides 
immitis by the complement fixation (CF) test. 
The CF test is based on the ability of complement to lyse RBC 
in the presence of RBC-specific antibody. Dilutions of the pa- 
tient sample, C. immitis antigen, and guinea pig complement 
are added to a microtiter plate and allowed to react before a 
standard amount of sensitized sheep RBC and goat anti-sheep 
REC antibody, or hemolysin, is added to the wells. Hemolysis of 
the sheep RECs occurs only in those wells that contain free 
complement, indicating the absence of a specific antigen-anti- 
body reaction (row 3, for example. No hemolysis occurs in the 
wells where complement lixing antigen-antibody complexes 
utilized the complement. Thus, samples with antibody will not 
vse the RBCs. indicating a positive test (wells 1 through 3. 
row 11. 





17-16 Rapid plasma reagin test (АРА). This test 


ЕГО gus: | А... Dee. Co detects ше presence ч “eae ваны in и ol резин 
1B mm circle FOR Rene a infected with Treponema pallidum. It is thought that ^reagin is 
3 p an antibody developed against tissue lipids. T. pallidum dam- 
Ue zi : | ages the tissue of the host causing lipoidal fractions to com- 

à . bine with spirochetal proteins, which subsequently stimulate 

К? a : - T F ааа гарда the production of antibodies, Reagin antibodies are not spe- 


cific for T. pelfidim, hut they can be used in a sensitive screen- 
ing test, such as RPR. When the "reagin" binds to the RPR 
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um аа Bid ies аны And Ci, РНЫ. MO Nae UR particles. Choline chloride is added to block complement so 





-i 


— - = — that it is not necessary to heat-inactivate the sample. Reactive 
sera show a clumping of the charcoal particles [top row). 





17-17, 18 Latex particle agglutination test for the detection of Haemophilus In- 
fluenrae, Streptococcus pneumoniae, Neisseria meningitidis, and group B strep- 
tococci (Becton Dickinson Microbiology Systems, Cockeysville, Md.). Agglutination 
tests using polystyrene beads coated with specific antibody or antigen are easy and rapid to perform. Anti- 
gen-antibody complexes present in a positive test show clumping 





CHAPTER 18 Molecular Techniques 





| ecause clinical specimens often contain very low numbers of an infecting path- 
ogenic microbe, amplification methods сап be used to increase the sensitivity 
of the test and the likelihood of detection. Such methods remove the need to grow 
the organism in vitro, a slow and variable process. New methods to generate mul- 
tiple copies of a specific section of nucleic acid of the microorganism being sought 
allow not only detection of the organism, but detection of specific genetic charac- 
teristics, such as a resistance gene. Problems with these techniques include conta- 
mination from previously amplified product, inhibition of amplification by specimen 
components, inability to differentiate viable from nonviable microbes, and interpre- 
tation of results. Although the final utility of these methods in clinical microbiol- 
ogy is not vet well-defined. there is no doubt that such techniques will be important 


elements of the future microbiology laboratory. 


18-1 ОМА hybridization. The DNA hybridization tech- 
nique is a useful molecular method for the detection and iden- Sea EE 
tification of pathogens. The DNA in the specimen is denatured 
(e.g. the two strands of the DNA molecule are separated using 
heat or alkali treatment). A labeled single-stranded piece af 
DNA complementary to a DNA sequence unique to the 
pathogen being sought (the “probe") is added and hybridizes 
(binds) to one of the DNA strands of the specimen if it has a 
complementary sequence (if the pathogen is present]. The 
probe can then be detected by various methods, including en- 
zymatic and radiographic techniques. 


Target DNÀ 


Ý DNA denaturation 


18-2 Radiolabeled probe detection of herpes 
virus. Ап autoradiogram made irom specimens containing 
herpes simplex virus (HSV-1 or HSV-2) that have been hy- 
bridized with ‘P-labeled specific HSV-1 or HSV-2 probes (left 
amd middle panel), or with the two probes simultaneously (right 
panel]. 





HH) 
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18-3 DNA hybridization of human papilloma 
virus probes. Specimen material treated with radioactive 
isotope labeled probes for the detection of human papillo- 
maviruses types б, 11,16, 31, 33. and 35, 


18-4 Gel apparatus (International Biotechnol- 
egy, Inc. New Haven, Conn.). Restriction fragment 
length polymorphism (КЕР) analysis allows for the detection 
ol genetic differences between organisms. Restriction endonu- 
cleases are enzymes that recognize, bind and cleave specific 
DNA sequences. When the DNA of different organisms is di- 
gested with these restriction enzymes, fragments of different 
sizes тау result. After enzyme treatment, DNA fragments are 
separated on a gel apparatus. 


18-5 Herpes simplex virus DNA restriction 
patterns. DNA [гош live different herpes simplex virus lsc- 
lates was cleaved with three different restriction endonucle- 
ases (five rows per endonuclease), electrophoresed on an 
agarose gel. and stained with ethidium bromide. 
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DNA 
electrophoresis 


Southern transfer 


Membrane Hybridization 


18-6 Southern blot. This technique allows for the de- 
tection af specific DNA fragments in complex DNA samples. To 
perform this test, the DNA is first cut with restriction endonu- 
Ceases. The different size DNA fragments are then separated 
in à gel based on their electrophoretic mobility (size and 
charge) The DNA fragments are subsequently transferred. or 
blotted. onto a nylon membrane or ta a similar flat support 
matrix. The membrane is then hybridized with a specific la- 
beled probe containing the DNA sequence homologous to the 
one sought. If that sequence is present in the sample DNA, the 
labeled probe will hybridize to it, and the specific labeled band 
will be detected in the membrane. 
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18-8 Labeled ОМА fragments from a sequenc- 
ing reaction. This technique allows for the identification of 
specific microbial isolates and for the determination of the ge- 
netic relatedness between different microorganisms. 








18-7 DHA sequencing apparatus (Interna- 
tional Biotechnology, Inc. Now Haven, Conn.). 
Four DNA oligonucleotides (short sequences) complementary 
to one of the strands are synthesized using specitic ОМА 
primers. In each of the reactions, a different dideoxynucleo- 
side triphosphate (ddNTP) is randomly incorporated. At the 
point where addNTP. rather than a dNTP. is added, DNA poly- 
merase cannot continue the synthesis. and the strand is trun- 
cated. By labeling and separating these fragments based on 
their length, the DNA. sequence of a 300 to 500 base fragment 
can be determined. 








18-9 Nucleic acid amplification thermocycling 
instrument (Coy Laboratory Products, Inc., Ann 
Arbor, Mich.). The new molecular approaches use bio- 
chemical techniques to amplity in vitro the nucleic acids of 
microorganisms of interest in patient specimens. In vitro am- 
plilication af DNA is mediated by DNA polymerase and ampli- 
fication of RNA is accomplished after conversion by a reverse 
transcriptase enzyme to DNA, Several methods for the amplifi- 
cation of nucleic acids require repetitive changes іп the tem- 
perature of the sample. held in a programmable thermocy- 
cling instrument, 





d і 


18-10 Positive displacement pipet used in nu- 
cleic amplification tests (Gilson Medical Elec- 
tronics, Villiers-le-Bel, France). Amplification meth 
ods can result in the production of billions of copies of the 
sume molecule, all concentrated in a very small sample vol 
ume. As a result it is very easy to eros-contaminate speci- 
mens during handling of the samples. In order to avold cross 
contamination during pipeting. positive displacement pipets 
ar pipet tips with special filters are used. 


dd. 
Пра 





18-12 PCH reaction products on agarose gel. 
The amplified DNA strands in the PCR reaction mixture are 
separated clectrophoretically and stained with ethidium bro 
mide for visualization. 





18-13 Automated PCR 
Elmer, Norwalk, Сопп.). The system includes a thermo- 
cycler and an ELA reader to perform and read the result of a 
PCR that uses an enzyme-labeled detection system. 


instrument (Perkin 
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Primer} aan  "PIEMPLATE 


TAQ POLYMERASE 


16-11 Polymerase chain reaction (PCA) basic 
principle. This amplification reaction requires two oligonu- 
cleotides, 20 to 30 bases in length. complementary to each 
one of the two strands of a DNA molecule, and separated by 
approximately 200 to 400 bases in the target molecule. The 
DNA in the specimen is first denatured by heat, and the 
oligonucleotides are added to hybridize to their complemen- 
tary strands. Addition of a DNA polymerase (Tag) that copies 
the two original strands using the oligonucleotides as primers 
completes the cycle. The cycle is repeated 30 to 40 limes until 
enough copies of the target DNA can be detected. 


Complementary target Mismatched target 


20 padie igos 
DENATURE AND ANNEAL 


18-14 Ligase chain reaction (LCR) or oligonu- 
cleotide ligation amplification (OLA). This reaction 
relies ou the enzymatic activily ol a DNA ligase bo amplify Ше 
largel nucleic acid. In the LCR, two oligonucleotides bomolo- 
gous Lo adjacent sequences on the target DNA are joined to 


gether by the ligase only when their ends are brought into 
close proximity by hybridization to the template DNA. Once 
the ligase has connected the two allgonucleatldes, the product 
al the ligation is denatured from the target DNA so that both 
ihe target DNA and the ligated primers can serve again as lem 


plates for amplification 
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Qp REPLICASE 


18-15 Principle of Qj! replicase amplification 
system. In the ОВ system. the enzyme ОВ replicase ampli- 
lies ihe signal of the probe and not the target nucleic acid it 
seit. The probe is an RNA molecule known as the midivariant 
(MDV- 1) and a specific RNA fragment corresponding to acom- 
plementary piece of RNA or DNA in the organism to be de- 
tected. The probe RNA binds to the complementary target, 
and after removing the unbound MDV-1 molecules, the Qf 
replicase is added to replicate the КМА probe. 
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18-17 


Self-sustained 
(Заа). The avian myoblastosis virus АМУ) reverse iran- 
scriptase, the T7 


sequence replication 
bacteriophage R XA polymerase, and RNase 
Н are utilized in the isothermic amplification of target nucleic 
acid. The promoter sequence for the T7 RNA polymerase and 
a region complementary to the target sequence are included 
in the reaction te allow the polymerase to amplify the target 
and to provide specilicity. The RNase denatures the КМА com- 
plement of the RNA-DNA intermediate formed during each 
amplification phase, allowing sequential amplilication to pro 


ceed without further high temperature denaturation. 





Amplification Time (minutes) 
8 10 12 14 #16 18 


Cells 
10° 
10° 
10° 
10° 
101 
10° 

uninfected 
uninfected 





18-16 Qj amplification for HIV-1 infected cells 
detected by fluorescent label. Very low numbers of 
HIV-1 infected cells can be detected with this method. (From 
Pritchard CG, Stefano JE: Detection of viral nucleic acids by OB 
amplification. In Medical Virology ТТЕ de là Maza LM and Pe- 
terson EM, editors, New York. 1991. Plenum Press.) 


NASBA 


DNA [+] - DHADHA 


PRIMER 1-17 
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18-18 HMucleic acid sequence-based amplifi- 
cation (NASBA) method. | sing components similar Lo 
those deseribed for 3SR. this system also amplilies nucleic 


acids at room temperature. 
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A 
А 549 cells, 186 
Absidia, structure of, 124 


Absidia corymbifera 
lactophenol cotton blue preparations of, 12 
on Sabouraud’s dextrose араг, 125 


bas 
Ег 


Avcanthamoeba, cysts af, 140 
Acid last stain, Kinyon's, 95 
Acinetobacter, 72 
Acinetobacter haumanii on MacConkey agar, 86 
Acinetobacter calcoacetious var. anitratiis on MacConkey agar. &6 
Actinobacillus, Gram stain of, 29 
Actinomyces 
colonies of, 55 
Gomori methenamine silver stain of, 55 
Actinompors imeli biochemical identification of 5 5 
Adenoviridae 179—180 
Adenovirus 
antibody detection of, 180 
culture identification of, with fluorescent stain, 180 
cytopathic effect of, 179 
direct fluorescent assay of, 179 
electron microscopy, negative-stain. 1840 
transmission clectran microscopy of, 180 
Adhesive tape technique, fungi, 144 
Aermuceus, 37 
Gram stain of, 26 
Agar disk diffusion method: see Disk diffusion method 
Agar plaies 
contaminated, 5 
inoculation of, 20-21 
Alolococcus,. 37 
Alterneria, lactophenol cotton blue preparation ef, 119 
Amebae, 146-149 
Amino acid hydrolysis reactions 
of Awardia asteraides, 54 
of Nocardia brasiliensis, 54 
af Streptomyces, 54 
Anaerobes, 88-94 
media, 22 
halding jar, 22 
Identification by antimicrobial disks of, 90 
jar svstem, 22 
pouch, 22 
Ancylostama duodenale. egg of. 163 
Antibody detection. 194-199 


Antimicrobial susceptibility testing, 107—112 
automated, 111 
broth microdilution, 110 
disk diffusion, 107, 168 
E test, 1089, 110 


API 20 E strip 
characteristics reactions to, 44 
API 200 clinical veast system, [45 
АРІ Quad-FERM+ for identifying Neisseria, 74 
Arcanabucterium, 46 
Arcanobacterinm heaemolyticum, colonies of, 51 
Ascaris lumbricoldes 
fertile egg of. in feces. 161 
infertile egg of, in feces, 16] 
Aspergillus. Gram stain of. 3] 
structure diagram, 719 
Aspergillus flavus 
lactophenol cotton blue preparation ef, 1260 
on sheep blood agar. 1420 
Aspergillus fumigatus 
Gram stain of, 120 
lactophenol cotton blue or calcofluor white preparations of. 
12] 
morphology of 119 
on sheep blood agar, 120 
Aspergillus niger 
lactophenol cotton blue preparation of, 121 
morphology of 119 
on Sahouraud's dextrose agar, 121 
Aspergillus terrens 
lactophenol cotton blue preparation of, 122 
on Sabouraud's dextrose agar, 122 
Aspergillus versicolor 
lactophenol cotton blue preparation of, 122 
morphology of, 179 
on Sabouraud's dextrose agar. 122 
Auramine fluorescent stain, 95 
Autoclave, & 


B 


Babesia microti, blood stain of. 155 
Bacille Calmette-Guérin vaccine, niacin accumulation testing 
of, 101 
Bacillus 
colonies of, 36, 47 
egg yolk agar, 47 
gelatin hydrolysis test for, 47 
Gram stain. 27, 46 
Bacillus sulnilis, colonies of, 46 
Bacitracin susceptibility test, 24, 79 
BACTEC blood culture bottles, 1 3, 27 
Bacteroides bile esculin agar 
Bacteroides fragilis on, &&, 9] 
Prevetella melanirogenica on. 91 
Bacteroides fregilis 
on Bacteroides bile esculin agar (BBE), 88, 9! 
on Brucella blood agar, 88. 90 
Gram slain, W 
identification pf, 90 
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Bacteroides urealuticus. identification of, 9 
Балши coli 
cyst of, in feces, 151 
trophozoiles of, in feces, 151 
Bay араг, 5% 
Beta-lactamase | 
сейпаве for detecting production of, 1 12 
positive test for, 1142 
Bile esculin slant, 44 
of Enterocorcus, 45 
Bile solubility test lor Streptococcus pneurnconiae, 42 
Bio-Bag Environmental System, 11 
Biological safety cahinet, 6, 7 
BioMerieux Vitek colorimeter, 111 
Bipolaris 
germ tube preparation of, 127 
lactophenal cotton blue preparation of, 127 
Rlustocystis hominis in feces, 149 
Blastomyces dermatitidis 
colonies of, 113 
Gomori methenamine silver stain, 114 
lactophenal eottan-blue, preparation of, 113 
mycelial phase of, 113 
yeast form of, In lung tissue, 114 
Bloed culture bottles, 12, ] 3, 23, 24 
Blond specimens 
collection of 12, 13 
Bordetella bronchiseptica 
on sheep blood agar, 76 
urea identification of, 77 
Bordetella pertussis 
recovery of, 23 
specimen collection of, 10 
Bordetella versus Pasteurella, 76 
Barrelia sp, Gram stain, 360 
Borrelia Inirgadorjeri. indirect immunofluorescent test for 
antibodies to, 197 
Gram stain, J0 
Batryomigces caespitosus in chromoblastomycosis, 129 
Battles 
roller, 178 
spinner, 178 
Branhameila (see Moraxella) 
Broth microdilution method, 110 
Brucella, 72 
оп chocolate agar, 77 
Gram stain of, 29, 76 
on sheep blood agar, 77 
Burkholderia (Pseudomonas) cepacia on MacConkey agar, 57 


C 
Caliciviridac, 181 
Calicivirus, electron microscopy, negative stain of. in feces, 181 
CAMP test 
for group B streptococci. 460 
for Clostridium perfringens, 9 3 


Campylohacter, 7 2 
Gram stain of, 30, 80 
nalidixic acid susceptibility, #0 
rocwery of, 23 
on TS! slant, & 
Campylobacter jejuni 
nalidixic acid susceptibility testing for, А07 
on TSI slant with lead acetate strip, &0 
Candida, Gram stain of, 11 
Candide alhieans 
on corn meal agar with trypan blue, 123 
germ tube test for, with calcolluor white, 723 
Gram stain of blood culture of, 121 
on sheep blood agar. 122 
Candida glabrata (see Torulopsis glabrata) 
Candida tropicalis, Gram stain of blood culture of. 123 
Caprocytophaga. 72 
on chocolate agar, 79 
оп sheep blood agar. 79 


Cardiobacterium, Gram stain of, 29 

Catalase test, 33 

Cefinase, detection of beta-lactamase production by, 112 
Centrifuge tubes, safety of, 7, 8 

Cestodes, 146, 169-173 

Charcot-Leyden crystals versus parasites in staol, 175 
Chilomastix mesnili 


cvst of, in feces, 151 

trophaeuite of, in feces, 1 50 
Chlamydia, specimen collection of. 16 

iransport medium, 11 
Chlamydia pneumoniae 

shell vial culture of. 103 

transmission electron microscopy of, 104 
Chiamydia psittaci, shell vial culture of, 10:3 
Chlamydia trachomurtis 

collection kit, 10 

direct antigen detection of, 103 

direct antigen test of, 187 

direct flaorescent assay of, 102 

shell vial culture of, 103 

transmission electron microscopy af, 104 
Chloramphenicol, susceptibility testing of, 1009, TIO 
Uhromoblastamycosis 

fungi associated with, 129 

Gomorl's methenamine silver stain of, 1 29 
Ciliates, 150-151 
Citrate, utilization of, 60, 64 
CIT/RHAM medium, reactions to, 64 
Cladesporium, 128 
Cladosporium carrianii 

in chromoblastomycosis, 129 

lactophenal cotton blue preparation of, 727 

on Sabouraud's dextrose agar, 1427 
Clindamycin, susceptibility testing of, 1059 


Clananchis sinensis 


adult, 167? 
eggs of, 167 


Clostridium 
on egg yolk agar, #9 
Gram stain of. 93 
identification of, 90 
Closirtdium difficile 
on Brucella blood agar, 94 
cytotoxin cell culture assay for, with MRC-5 cells, 102 
on egg yolk agar, 94 
Clostridium pariputrificum. Gram stain of, 94 
Clostridium perfringens 
on Brucella blood agar, 93 
on egg yolk agar, 93, 04 
reverse CAMP test for, 93 
Clostridium tertium on Brucella blood араг, 94 
Clostridium tetani 
on Brucella blood agar, 94 
Gram stain af, 27 
Clothing, protective, 1, 2. 3. 4 
Coagulase test, Staphylococcus differentiation with, 34 
slide test, 34 
tube test, 34 
Coats, laboratory, 3 
Coccidia, 152-153 
Сг МН immitis 
arthroconidia, 155 
complement fixation test for detecting antibodies to, 
199 
lactophenol eotton-bluc preparation of, 115 
on Gomori's methenamine silver preparation, 115 
passive immunoprecipitation test for detecting antibodies 10, 
КЫ 
on Sabouraud's dextrose agar, 114 
wet mount and calcolluor white preparations of, 114 
Complement fixation test. 796 
for detecting antibodies te Caccidioides immitis, 199 
Coronaviridac, 181 
Container 
puncture-proaf, 5 
safety bucket, 7 
mailing, & 
Coronavirus, electron microscopy, negative stain of, in feces, 
181 
Corynehaeterium, 46 
Gram stain of, 27, 48 
Corynehacteri um diphtheriae, colonies of, 48, 49 
Іоећег s methylene blue stain, 49 
Tinsdale agar, 49 
Corynebacterium jeikelum, colonies of, 44 
Cryptococcus neoformans 
on chocolate agar, 115 
differential identification of 115 
India ink and Gram stain of 37, 116 
mixed culture of, with Histaplasma capsulatum, TIA 
urcase test for, 1 T6 
Cruyptosporidium parvum. oocysts of, in feces, 153 
CTA (see cysline-irypticase арат! 
Culture(s) 
aerobic 
collection and transport of, 9 
incubation of. 21 
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anaerobic 
collection and transport of, 1 1 
incubation of, 21 
media, 16, 27 
Cysticercus, Taenia solium in, 170 
Cystine-trypticase agar (CTA) for identifying Neisseria species, 73 
Cytomegalovirus, 183 
antibody detection of, 185 
cytopathic effect of. 184 
hemotoxvlin and eosin, 1&5 
horseradish peroxidase, 185 
іп kidney and lung, 155 
shell vial of, with immunofluorescent stain, 184 
Cytotoxin cell culture assay with MRC-5 cells for Clostridium 
difficile, 102 


D 


Decarboxylase-dihydrolasc test, 52 
Diarrhea, antihiotic-associnted, 102 
Dientamoeha fragilis, trophoaoite of, in feces, 150 
Diphyllobothrium latum. egg of, in feces, 169 
Diplococci. gram-positive. 26 
Dipylidium caninum 
proglottids of, 172 
scolex of. 172 
Disinfection, 4 
Disk diffusion method, 107, 108 
with Escherichia coli ATCC 25922. 108 
with Paeudomanes aeruginosa ATCC 27853. 109 
with resistant strain of Pseudomonas aeruginosa, 109 


with Staphylococcus aureus АТОС 25923, 108 
with Streptococcus preumoaniac, 109 


Disposal, waste, 4, 5 

DNA hybridization, 200 
of herpes simplex virus, 20207 
of human papilloma virus, 201 


DNA probes. fungi, 145 

DNA restriction patterns in herpes simplex virus, 201 
DNA sequencing, 202 

DNase agar. 5h 


E 


E test method for Streptococcus pneumoniae, 109, 110 
Echinococcus granulosus 
adult worm, 172 
eggs uf, 173 
hydatid sand, 173 
hydatid cyst in liver, 173 
Echovirus 11, cytopathic effect of, in MRC-5 cells, 19] 
ЕГА (see enzyme immunoassay) 
Fikenelin, 72 
Gram stain of, 29 
Eikenella corrodens on sheep blood agar, 78 
Electron microscopy 
of Adenovirus, 180 
of Culicivirus, 181 
of Chlamydia pneumonia, 104 
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Electron microscopy (continued) 
of Chiarmglia trachornatis, 104 
of Coronavirus, 181 
of Herpes virus, 183 
of HIV-1, 192 
of Rotavirus, 192 
of Ureaplisma urealuticum, DUG 
of Итеа virus, 192 
ELISA (see enzyme immunoassays) 
Endocarditis. agents of, 29 


Endolimax. rana 
cyst of in feces, 149 
trophozoite of, in feces, 148 
Entamoeha coli 
cyst of, in feces, 145 
trophoxoite of, in feces, 148 
Entamoeha hartrmanmni 
cyst al, in feces, 148 
trophozoites af. in feces, 147 
Entamoeba histolytica 
cysts af. in feces, 147 
indirect hemagglutination test for detecting antibodies to. 
198 
trophozoites of 
in liver, 147 
in feces, 146 


Enterobacter aerogenes, characteristic reactions of, in API 20 E 
strips. 68. 69 


Enterohaecter сопспе, characteristic reactions of, in API 20 E 
strips. HÄ 

Enterobaciteriaceae. 56—7 1 
characteristics af, 56 
citrate utilization test for, 60 
decarboxylase-dihydrolase test for, 62 
Gram stain, 30 
on Hektoen enteric agar. 55 
indele spot test far, 59 
оп MacConkey agar, 58 
methyl red-Voges-Proskauer test for, 59 
ONPG test for, 59 
oxidase spot test for, 39 
PAD test for, 67 
phenylalanine deaminase test for, 60 
rapid spot test identification ol, 34 
on sheep blood agar. 56 
triple sugar iron test for, 62 
ured test for. 4] 
urease test for, 61 


Enterobius vernmiculavis 
adult female and male, 167 
eggs af 
cellophane tape preparation of, 1652 
in feces, 152 


Enterococcus, 37, 44 
bile esculin agar, 4 5 
colonies of, 45 
Natl broth, 6.5%, 45 
Enzyme immunoassays (EIA), 194 
direct, 195 
indirect, 195 
Eptdermopliytor floceosum 
lactaphenal cotton blue preparation ol, [32 
on Sabouraud's dextrose agar, 132 


Epithelial cells. ciliated columnar, versus parasites, in feces. 175 
Epstein-Barr virus, 183 
commercial particle agglutination test [or serological diag- 
nosis of, 1586 
heterophile antibody. ! 56 
immunotluorescent tests [or antibodies to nuclear antigens 
af, 187 
immunolluorescent tests [or antibodies to early and 
structural antigens af, 147 
Enysipelotitrix, 46 
Ermsipelothrix rhustopathise on TSI араг, 50 
colonies of, 50 
Erythromycin. susceptibility testing of 109 
Escherichia coli 
characteristic reactions of, 67 
in API 20 E strip. 68 
Gram stain of, 30 
on MacConkey agar. 57 
in Micro-ID, 57 
on sheep blood agar. 57 
Esculin hydrolysis test, 44 
Exophiaie (Wangiella) dermatitidis, lactophenol cotton blue 
preparation of, 128 
Exophiala Jeanselmei 
lactophenol cotton blue preparation of. 128 
on Sabouraud’s dextrose agar, 125 
Exserohilum, lactophenol cotton blue preparation of, 128 
Eye wear, 2 


F 


Face mask 
conditions requiring, 2 
improperly fitted, 3 
Face shield, 3 
Fasciola hepatic, egg ol in feces, 167 
Filaria, 163-166 
Flagellates, 150-151 
Flasks. tissue culture, 177 
Flatworms: ser Trematodes 
Бїтїн ЇЇ, УД 
Flevehaeterium nuningesepiicum on sheep blood agar, 55 
Fonsecued compacta in chromoblastomycosis, 129 
Fonsgecaea. pedrosai 
in chromoblastormycusis, | 29 
lactophenol cotton blue preparation of, 129 
Fungi: see also Mycology: specific [ungi 
classification and characteristics of. 113 
identification of, 113 
Fusarium 
lactuphenol cotton blue preparation of, 240 
on potate dextrose agar, 140 
Fusobacterium 
egg volk agar for identifying, 89 
Gram stain of, 30 
identification of, 90) 
spot indole disk test of. 49 
Fusahacterium nucleatum 
on Brucella blood agar. 92 
Gram stain of, 50, 92 


G 
Gamma hemolysis, 38 
Gardnerella, 46 
Gardwerella vaginalis 
colonies of, 560 
Gram stain of, 50 
hippurate hydrolysis test for. 56 
GasPak 
anaerobic jar system, 22 
anaerobic pouch, 23 
Gelatin hydrolysis test. 47 
Gemelle, 37 
wetrichum on corn meal agar with trypan blue, 124 
Giardia lernblia 
cyst of in feces, 1 50 
trophozoite of, in feces, 150 
Globicatella, 37 
Gloves, removal and disposal of, 1, 2 
Goggles, conditions requiring, 2 
Gram stain, 25—31 
preparation of, 24 
Graphium comidia, lactophenol cotton blue stain of, 7 30 


H 


HACEK, Gram stain of, 29 
Haemophilus, 72 
Gram stain of. 29, 30 
Haemophilus aphrophilus, Minitek sugar identification of, 76 


Haemophilus influenzae 

on chocolate agar, 74 

Latex particle agglutination test for detecting, 199 

porphyrin production test for, 75 

on X and V strips. 75 

satelliting, 75 
Haemophilus marainfluenzae 

on chocolate agar. 73 

Minitek sugar identilication of, 74 
Hektoen enteric agar, Enterobacteriaceae on, 58 
Helminths, classification of, 146 
Hemolysis 

alpha. 37 

gamma, J8 
Hepatitis C. ELA detection of, 194 
Herpes simplex virus 

antibody detection al, 184 

cervical swab of, 182 

cytopathic effect of, 182 

direct antigen test of, 181 

direct immunolluorescent assar of, 182 

DNA probe, 200 

DNA restriction patterns in, 267 

horseradish peroxidase stain, 182 

shell vial culture of. 183 

skin lesions with, 181 

transmission electron microscopy of. 183 
Herpes virus 

collection kit, 10 

radiolabeled probe detection of, 200 

specimens of, 10 
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Herpesviridae, 181—186 
Heterophile antibody. 186 
Hippurate hydrolysis test, 40 
for Gardnerella vaginalis, 50 
for group B streptococci, 40 
for Listeria monocytogenes, 45 
Histoplasma capsulatur 
on buffy coat preparation (Wright's stain). 117 
colonies of, 116 
differential identification of, 115 
on direct bone marrow preparation stained with calcofluor 
white, 117 
lactophenol cotton blue stained colonies of. 117 
lung section showing. with Gomoari's methenamine silver, 
117 
mixed culture of, with Cryntococcus neoformans, 118 
yeast form of, 1 T6 
Homogenization of specimens, 17 
Hookworm. egg of, 163 
Human immunodeficiency virus type 1 
antibody detection of 
with enzyme immunoassay, 193 
with immunoalluorescent assay, 193 
with Western blot testing, 193 
positive OG amplification for, 204 
transmission electron microscopy, 192 
Human papilloma virus. DNA hybridization of. 201 
Hymenolepis diminuta, egg ol. in feces, 172 
Hymenalepis nana, egg of, in feces, 171 


Immunoafliorescence, direct and indirect, 195 
Immunoserology, 194—199 


Indole spot test, 59 
far anaerobes, $59 
Influenza A virus 
African green monkey kidney cell isolation of, 188 
direct lluorescent assay of, 157 
hemadsarption, 188 
Inlluenza virus 
antibody detection of, 188 
shell vial culture of. 184 
Inoculum 
preparation of. 107 
turbidity meter for adjusting, 107 
Interstate Shipment of Fiiolagic Agents, 8 


l'odamoeba butschlii 
cyst of, in feces, 149 
trophozoite of, in feces, 149 


[ron uptake test, 101 
[solatariysis-centrifugatioan blond culture system, 12 
Isospora belli, cyst of. in feces, 152 


J 


JC virus in progressive multifocal leukoencephalopathy, brain 
ilssue section of, 189 
Jembec plate, LI 
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K 
Kingella, 72 
Gram stain of, 29 
Kingella kingae on sheep blood agar. 78, 79 
Kinyoun acid-fast stain, 95 
modified, for Nocardia, 53 
modified, for Rhodococcus equi. 52 
Klebsiella oxytoca. characteristic reactions of, tu AP] 20 E strips. 
59 
Klebsiella paeumoniae 
on MacConkey agar, 57 
urease test for, 6] 


Кебез versus Rhodococcus equi. 51 


L 


Lahoratory coats, 3 
Laboratory safety, 1-8 
and biological safety cabinets, б, 7 
and disinfection, waste disposal, and sterilization, 4, 5, 6 
mailing containers and. 8 
miscellaneous practices and, 7. 8 
and protective clothing and equipment, 1, 2, 3, 4 
Lactobacilli, Gram stain of, 27 
Laciobucillus, 46 
colonies of. 49 
Gram stam ol, ur vaginal secretions. 49 
Lactororcus, 37. 44 
Latex particle agglutination test for detecting Н. influenzae, 5. 
pnreumoniae, N. meningitidis, and group B streptococci, 199 
LCR (ligase chain reaction) 
Lead acetate strip, Campylobacter lejur! on, 80 
Legionella pneumophila on buffered charcoal-veast extract agar, 87 
Leishmania 
amastigotes of. 159 
promastigutes of. 159 


Leuconostoc, 37, 44 
colonies of, 45 


Leukoencephalopathy. progressive multifocal, JC virus in, 189 
Ligase chain reaction (LCR). 203 
Liquid nitrogen tanks, 179 
Listeria, 46 
Listeria monacylogenes 
colonies of, 47 
esculin hwdrolysis test for, 48 
Gram stain of, 27 
hippurate hydrolvsis. 4& 
Liver, Echinococcus granulosus in, 17 3 
Loa jos, microfilariae of, 165 
Loefiler methylene blue stain of C. diphtheriae, 49 


МЕУР broth test (see Methyl red-Voges-Proskauer) 
Mailing containers, safety requirements for. B 
Malaria, 155-158 

development of, 155 


Malassezia furfur 
Gram stain and calcaolluor while preparations of, 133 
on Sabouraud's dextrose agar. 132 
Mannitol salt agar, Staphylococcus aureus differentiation with, 15 


Measles virus 
antibody detection of with indirect immunotluorescent 
assay, 190) 
in lung tissue, 190 
phytohemagglutinin stimulated cord blood mononuclear 
cell culture of, 189 
Vero cell culture of. 190 


Methyl red-Voges-Proskauer МУР] broth test. 59 
MIC, defined. 107 
Microcneccacene, 32-35 
morphology of. 32 
Micrococcus 
Gram stain of. 33 
infections due ta, 32 
versus Staphylococcus, 32 


Microhemagelutination assay for detecting antibodies to 
Treponema pallidus, 1958 
MICRO-ID strip. E. cali reactions to, 67 


Microimmunotfluorescence test 
for Mycoplasma and Ureaplasma, 106 
for rickettsial antibodies, 197 


Microscopes 
brightfield, with epiluminescence, 176 
inverted, 176 

Microsporidium, 153-153 
in feres, 153 

Microsporum sudauiriiüi 
lactophenol cotton blue preparation of, 137 
on Sabouraud's dextrose agar, 7 33 


Microsmortim canis var. canis 
lactophenal cotton blue preparation of, 1 34 
on Sabouraud's dextrose араг, 7 34 


Micraspartim guypseum 
lactophenol cotton blue preparation of, 135 
on Sabouraud's dextrose араг, 1:34 


Minitek sugars for identifying Haemophilus, 76 


Molds, specimen preparation and identification systems for. 
144-145 


Molecular techniques, 200-204 

Monospot test, 185 

Moraxella, 72 

Moraxella (Branhemella} catarrhalis on sheep blood agar. 73 


Moryanella morgani 
characteristic reactions of, in API 20 E strips, 70 
PAD and urea tests for, 61 


МАС-5 cells, 102 


Mucor 
Gomort's methenamine silver stain of. 120 
lactophenol cotton blue preparation of 126 
structure of. 124 


Multichannel pipettor, 194 
Mycobacterium, 95-101 


Mycobacterium avium 

on Láwenstein-Jensen agar, 97 

on Middlebrook 7H11 agar, 97 

rough colony of, 97 

smooth colony of, 97 
Mycobacterium chelonae 

on chocolate араг, 99 

colony of, 99 

on Middlebrook 7H11 agar, 99 
Mycobacterium forteritum 

colony of 100 

iron uptake test for differentiating. 107 

on Lowenstein-jensen agar, 100 

on Middlebrook 7Н11 agar, 99 
Mycobacterium gordonac 

оп Liwenstein-Jensen agar. 103 

on Middlebrook 7H11 agar. 100. 101 
Mycobacterium kosasi 

colony of, 95 

оп Lüwenslein-]ensen араг. ЭК 

on Middlebrook 7H11 agar. 98 
Mycobacterium simiae, niacin accumulation testing of, 107 
Mycabacterium tuberculosis 

colonies of, 96 

an Liwenstein-|ensen agar slant, 96 

on Middlebrook 7H11. 96 

niacin accumulation testing of, 101 


Mycology, 113-145 
Miconlasma 
antibody detection of. by microimmunafluorescence test, 106 
tharacteristics of, 105 
Mycoplasma hontinis colonies, 105 
Mycoses 
deep-seated, 113-118 
miscellaneous. 140-143 
opportunistic. 113. 119-126 
specimen preparation and identification systems for, 134—145 
subcutaneous, 127-131 
superficial, 1 32-149 
systemic, 113 


N 


Nalidixic acid, Campylobacter jejuni susceptibility to. Sf) 
Nasopharyngeal 

collection system. 10 

-urogenital swab, 9 
National Committee for Clinical Laboratory Standards, 107 
Necator аттектни® 

egg al, 163 

first-stage rhabditiform larvae ої, 163 
Needles, disposal of, 5 
Neisseria, 72 

APT Quad-FERM+ identilication of, 74 

carbohydrate utilization identification of, 73 

Gram stain of, 29, 72 

Neisseria! Haemophilus identification card for identifying, 74 
Neisseria gonorrhoeae 

Gram stain of, 29 

on modified Thayer-Marlin agar. 73 

recovery of, 23 

specimen collection of, 4 
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Neisseria meningitidis 
on chocolate agar, 72 
Gram stain of, 29 
latex particle agglutination test for detecting, 199 
on sheep blood agar, 73 
Neisseria! Hacmaphilus identification (NHI) card for identifying 
Neisserta, 74 
Nematodes, 146, 161-166 
intestinal, 161-154 
tissue, 164—166 
NHI card (see Neisseria’ Haemophilus identification card) 
Niacin accumulation test, 101 
Nitrate test, 77 
disk test, 89 
Nocardia 
biochemical reactions for identifying, 54 
colonies of, 53 
Gram stain of, 53 
on Bay agar. 53 
Nocardia asteroides 
amino acid hydrolysis reactions of, 54 
colonies of, 53 


Nocardia brasiliensis, amino acid hydrolysis reactions of, 54 
Novobiocin susceptibility test, 16 

Nucleic acid amplification thermocycling instrument, 202 
Nucleic acid sequence-based amplification method, 204 
Nucleic amplification tests, positive displacement pipette for, 203 


0 


ONPG test (see O-nitrophemrl-B-D-galactosidase test) 
Occupational Safety and Health Act, safety provisions of, 1 
Qerskovia., 46 

colonies of, 52 

Gram stain of, 28 
Oligonucleotide ligation amplification, 203 
Onchocerce volvulus, microfilaria, 1646 
Ü-nitraphenyl-B-D-galactosidase (ONPG) test, 59 
Üptochin susceptibility test 

for Streptacacers meumoniae, 42 

of viridans streptococci, 43 
Orthomyxoviridae, 187-1859 
OSHA: see Occupational Safety and Health Act 
Oxacillin 

screen plate, 15 

Staphylococcus aureus resistance to, detectiou of, 15 

susceptibility testing of. 104 
Oxidase spot tesi, 59 
UxidativeJermentative medium, 33, 82 

glucose oxidation in. 33 

glucose fermentation in, 33 


P 


PAD test (see phenylalanine deaminase test) 
Paecilomyces wariotti 
lactophenol cotton blue preparation of. 141 
on Sabouraud's dextrose agar, 141 
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Papovaviridae, 149 
Paracoccidiakdes brasilensis 

in adrenal tissue, stained with Gomori's methenamine 

silver, TIS 

differential identification of, 115 

stained with lactophenol cotton blue, 11% 
Perngonimus westermani, egg of, in feces, 158 
Purainfluenza 3 and 4 viruses, immunofluorescent staining of, 

Ta 
Paramyxoviridae, 189-191 
Para-Pak Parasitology Collection Kit. 12 
Parasites, specimen collection of, 12 
Parasitology. 146-175 
Pasteurella, 72 
Pasteurella multocida on sheep blood agar, 78 
PCR (polymerase chain reaction) 
Pediococcus, 37 

colonies ol, 44 

vancomycin susceptihility testing of, 44 
Penicillin 

Streptacacus pnewmoniae resistance Lo, 43 
Penicillium 

diagram of, 141 

on Sabouraud's dextrose agar, 142 

stained with calcofluor white, 142 
Penielllium marneffei 

lactophenol cotton blue and calcofluor white preparations 

al, 143 

an Sabouraud's dextrose agar, 142 
Peptostreptococcus, spot indole disk test of, #9 
Peptostreptococcus anuerohius on Brucella blood agar. 92 

identification of, 97) 
Peptosireptococcus magnus 

on Brucella blood agar, 92 

SPS resistance of, 92 
Peptostreptotoccus anaerolius, sodium polyanethol sulfonate disk 

lest of, 89 
Personal Protective Devices, ], 2, 3, 4 
Phenylalanine deaminase (FAD) test, б), 61 
Phishopham, 128 
Phialophara verrucasa 

in chromoblastomycosis, 129 

lactophenal cotton blue preparation of, 7 29 
Picornaviridae, 191—192 
Pinworm. ТА] 
Pipet, positive displacement. 203 
Fipettor, multichannel, 194 
Plant cells versus parasites, in feces, 174 
Plantar spiral versus parasites in feces, 175 
Plasmodium falciparum 

pametacyte appearance and. 157 

ring forms of. 155 

thick blood smear uf. 155, 157 

irophozoites of, 155 


Plasmodiur malariae 
schizonts and, 157 
trophoaoltes of. 1 56 


Plasmodium ovale 
erythrocyte appearance and, 156 
Schüllner s dots and, 156 
thick blood smear of, 157 
Plasmodium vivax 
macrogametocytes, 155 
microgamelocyles, 158 
versus P felciparum. 156 
Schüffner's dots and, 156 
thick blood smear of, 157 


Plates, multiple well. 177 


Preumacystis carinii 
from bronchoalveolar lavage, 1 54 
from lung biopsy, 154 
in sputum, 1537 

Pollen versus parasites in feres, 174 


Polymerase chaln reacilon (PCR) 

automated instrument for, 204 

basic principle of, 203 

products af. on agarose gel, 2073 
Polymorphonuclear leukocytes, 26, 27 

Gram stain of, 28, 53 

with gram-positive bacilli, 7 5 

poorly differentiated. 30 
Porphyrin production test for Haemophilus influenzae, 75 
Porphyromonas, spol indole disk test of, 89 


Positive displacement pipette for nucleic amplification tests, 
203 


Poxviridae, 192 


Prevotella, spot indole disk test of, 89 
identification of, 90 


Prevote!la melaninagenica 
on Bacteroides bile esculin agar, 91 
on Brucella blood agar, 91 
Gram stain of, 597 


Progressive multifocal leukoencephalopathy, [C virus in, 189 
Propionibacterium, spot indole disk test of, 89 
Proprionibacteritm acres on Brucella blood agar, 93 


Proteus 
Gram stain ой, J0 
on sheep blood agar, 56 


Proteus mirabilis 
characteristic reactions of 
in API 20 E strips, 69, 70 
PAD and urea tests far, 61 
urease test for, бї 
Proteus. vulgaris 
characteristic reactions of, 66 
to API 20 E strips, 70 
with API 20 E strips, 69 
PAD and urea tests for, 61 
Protozoans. 146-150 
coccidia and microsporidia, 152-153 
flagellates and ciliates, 150-151 
intestinal, 146—149 
in tissue, 153-154 


Providencia rettgeri, PAD and urea tests for, 61 


Pseudallescheria йй 
on Sabouraud's dextrose agar, Т 30 
sexual state of, lactophenol cotton blue stain of. 1 30 


Pseudomonadaceae, 82-86 
Pseudomonas, ¥ 2 
Gram stain of, 360 
Pseudomonas aeruginosa 
GNE, urea, and Pseudosel agar Гог identifying, #4 
GNF tube identification of, 83 
on MacConkey agar. 43 
pigment production hy. 83 
resistunt strain of. disk diffusion method for. 109 
on sheep blood agar. $2 
on TSI slant, 53 
Uni-N /F-Tek plate for identifying, &4 
Pseudomonas aeruginosa ATCC 27853. disk diffusion method 
for, 109 
Pseudomonas eepacta, (see Burkholderia cepacia) 
Pseudomonas pructmolilis, (sce Sphingomoras paucimehilis) 
Pseudomonas putrefaciens, (see Shewanella putrefaciers| 
PYR test, 39 


Q 


ÜB replicase amplification 
for HIV-1 infected cells detected by fluorescent label, 204 
principle of, 204 


R 


Radiolabeled probe lor detecting herpesvirus, 2600 
Rapid plasma reagin (RPR) test, 199 
Rapid spot test for Enterobacteriaceae, 58 
Tib: medium. reactions to, 64 
r/b tube 
for Enterobacteriaceae, 62 
reactions to, 63 
Reoviridac, 192 
Respiratory syncytial virus 
culture identification of, in MRC-5 cells in shell vial, 191 
cytopathic effect of. in MRC-5 cells, 191 
direct fluorescent assay of, 790 
Restriction fragment length polymorphism analysis, 26] 
Retroviridac, 193—153 
Rhamnose, fermentation of, 64 
Rhinocladielfo, 12% 
Rhinocladiella aquaspersa in chromeblastomycosis, 129 
Rhinovirus. cytopathic effect of, in MRC-5 cells, 192 
Rhizopus 
lactophenol cotton blue preparation of. 126 
structure of, 124 


Rhodococcus, 46 
colonies of. 51 
microscopic appearance of, 52 


Rhodococcus equi, classification af. 51 
acid fast stain, 5] 


Rickettsia, microimmunatluorescence test for detecting antibod- 
ies lo, 197 

Rifampin, susceptibility testing of, 1009 

Roller bottles, 178 

Roller drum, 177 

Rotavirus. electron microscopy of, in stool, 192 
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Roundworms: see Nematodes 
ЕРА (see rapid plasma reagin test) 


S 


Salely: see Laboratory safety 
Safety cabinet. biological, 6, 7 
Saliva versus sputum, 18 


Salmonella 
characteristic reactions of, 55 
on Hektoen enteric арат, $8, 71 
triple sugar iron agar test for, 62 


Salmonella enteritidis, colonial morphology versus biochemical 
identilication of, 71 

Salmonella taphi, characteristic reactions of, 65 

Salt broth, 6.3%, 45 

Samples: see Specimens 

шеш apiospermunt, lactephenol cotton blue stain at 

Scedosporium ргә сл. lactaphenol cotton blue stain of, 131 

Schüffner's dots, 156 

Schisiosoma haematohitmm, egg of, 168 


Schistosoma faparicum 
adult male af, 168 
cercaria, 165 
ege of. 168 


Schisiosoma manson, egg of, in stool, 159 
Schlichter test. 1142 
Spopudariopsis 
lactophenol cotton blue preparation of, 143 
on Sabouraud's dextrose agar, 143 


self-sustained sequence replication, principle (SSSR). 264 
Septi-Chek biphasic blood culture bottle. 12 
Serratia marcescens, characterlstie reactions of, with API 20 E 
strips, 69 
Serratia en MacConkey agar. 57 
serum inhibitory titer. 712 
&hell vial, 177 
Shewanella, 72 
Shewanella (Psewlomonas) putrejaciens 
an sheep blood agar. 55 
TSI reaction of, 85 
Shigella, characteristic reactions of, 67 
Shigella көттө characteristic reactions of, to АРІ 20 E strips, 70 
Skin. protection of, 4 
Sleeping sickness, 159— L6t) 
Slide culture method for fungi. 144 
Slides 
preparation of. T9, 26 
wel, 20 
Smears 
fixing and staining of, 24 
preparation of, 19 
Sodium chloride test 
6.5%, 45 
tolerance test, TOT 
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Sodium polyanethol sulfonate disk test 
for Peptostreptococcus ancerobius, 8*9 
for Pepiosireptacoccus magnus, 92 

Southern blot test, 2602 

Specimens 
anaerobic 

media for, 15 
prereduced, 22 


Specimens (continued) 
blood, 12, 13 
af Bordetella pertussis, 10 
chlamydial, 10 
collection containers for, 9-13 
containers for. 15 
culture ol, media for, 16 
discrepancy between microscopie amd gross appearances of, 
19 
disposal of, 5 
entering into computer system, 14. 15 
of expectorated sputa, 15 
homogenizing of. 17 
inspection of, before inoculation of media, 18 
labeling of, 14 
mailing containers for, 8 
of Neisseria gonorrhoeae, 9, 10 
processing of, 14—24 
atmospheric conditions for, 21, 22 
equipment for, 17 
procedure manual for. 16 
rapid direct tests for, 24 
quality of. 1%, 19 
in syringes, 21 
transport af, 9 
urethral, collection of, 9 
viral, Id), 11 
Sphingemonas, 72 
on sheep blood agar, 54 
Sphingomonas (Psetdormonas) prucimobtlis on sheep blood agar, 54 
Spinner bottles. 178 


Sporethrix sehenckit 
lactophenol cotton blue preparation af. 131 
on potato dextrose agar, 137 
Spot indole disk test, uses of, 89 
Sputum 
versus saliva, ТА 
specimens of 15, 19 
Squamous epithelial cells, vaginal, 27 
SSSR (see sell-sustained sequence replication] 
Siaphylacoccus saprophytices, colonial morphology of, 36 
Slaphylocaccns 
coagulase-negative, 12 
infections due to, 32 
versus Microcaccus, 33 
versus Streplovareus, 7% 
with 5treptococcus, 27 
susceptibility testing for. 107 
іп upper respiratory tract, 35 


Staphylococcus aureus, 32 
antimicrobial susceptibility testing of, 35 
colonies of, 32 
differentiation of 
by coagulase test. 34 


with mannitol salt agar, 35 
Gram stain of, 26 
methicillin (and oxacillin|-resistant, detection of, 35 
Staphylococcus saprophyticus, novobiocin susceptibility differen- 
tial testing of. 16 
Stenoirophonromes, 72 
Stenotrophomonas (Xanthomonas) maltophilia 
on sheep blood араг, #5 
Uni-N/-Tek for identifying, &5 
Sterilization, 6 
SLomitococcus 


Gram stain of, 26 
infections due to. 32 


Streptocoecaceae, 37-45 


Streptococcus, 37 
alpha-hemolytic, 37 
beta-hemalytic, 37 
gamma hemolysis, 37 
Gram stain, 27 
eroup А. 38. 39 
PYR test of. 39 
group А beta-hemolytic, bacitracin susceptibility test of. 
19 
group В, 40 
CAMP test for, 40) 
hippurate hydrolysis test of, 46 
latex particle agglutination test for detecting, 199 
group D, bile eseulin slant and NaCl broth testing of, 45 
nonhemolytic, 38 
versus Staphylococcus 7З 
with Staphylococcus, 27 
in vaginal secretions, 40 
viridans 
conventional biochemical reaction testing of, 43 
Gram stain of, 43 
optochin susceptibility test of, 43 
Streptococcus bovis, bile esculin slant testing of, $4 
Sireptocoecus pirewmemiae 
antimicrobial susceptibility testing of. 4 3 
bile solubility test for, 42 
colonies of, 47, 42 
E test method for, 109, 110 
Gram stain of, 41 
latex particle agglutination test for detecting. 199 
optochin susceptibility test for, 42 
secondary test battery for, 109 
Streptaciccus pyogenes, colonies af, 51 


Streptomuces 
amino acid hydrolysis reactions of. 54 
Gram stain of, 55 


лента е stercoralis 
lilariform larvae of, 164 
first-stage rhabditiform larvae of. 163, 164 


Swab, nasopharyngeal-urogenital. 9 
Syringes, specimens in, 21 


T 


Taenia, eggs of, 171 


Taenia saginata, proglottids of. 170 
eggs of, 171 


Taenia solitum 
eysticercus, 170 
eggs of, 171 
proglottids of, 171 
scolex of 170 


Tapeworms: see Cestodes 
Tease mount technique, 144 
Tinsdale agar, 49 
Tissue culture flasks, 177 
Tissue culture tubes for viral detection, 176 
Tissue processing, 17 
Torulopsis (Candia) glabrata, differential identification of. 115 
Toxocara canis, embryonated egg and egg with larvae of. 165 
Toxeplasma gondil 
cyst oL in brain tissue. 154 
indirect fluorescent methad for detecting antibodies to. 197 
trophozoites of, 154 
Transgrew bottle. 11 
Trematodes. 146, 167-169 
Treponema pallidum, microhemagglutination assay for detecting 


antibodies to. 198 
КРЕ test, 199 
Trichinella spiralis, larvae of. in muscle, 164 
Trichomonas hominis, trophoxoite of. in feces, 151 
Trichophyton mentagrophiytes 
Christiansen urea agar slant for demonstrating urease pro- 
duction by, 136 
lactophenol cotton blue preparation of, 135 
on Sabouraud's dextrose agar. 135 
Trichophyton rubrum 
Christiansen urea agar slant for demonstrating urease pro- 
duction by, 1 36 


lactophenal cotton blue preparation of, 1 36 

on Sabouraud's dextrose agar, 135 
Trichophyton schoenleinii 

lactaphenal cotton blue preparation of, 136 

on Sabauraud's dextrose agar. [36 
Trichophyton tomsurans 

lactophenol cotton blue preparation of, 137 

nutritional test for. 138 

on Sabouraud's dextrose agar. 737 
Trichophyton verrucosum 

lactaphenol cotton blue preparations of. 134 

on Sabouraud's dextrose agar, 138 
Trichophyton violaceunm 

lactophenol cotton blue and calcofluor white preparations 

of, 139 

on Sabouraud's dextrose agar, 139 
Trichuris trichiura 

adult male, 162 

egg af. іп feces. 162 
Triple sugar iron agar 

for Enterobacteriaceae, 62 

reactions to, &3 
Trypanosoma brucei gambiense, blood of, 160 
Truypanosarma brucei rhodesiense, blood of, 160 
Trypanosoma cruzi, trypanomastigote of, 159 
Trypanosomiasis, 159-160 
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TSI slant 
Campylobacter jejuni on. 807 
Enterahacteriaceae on, 62, 63 
Erysipelothrir rhusiopathiae on, 50 
Pseudomonas aeruginosa, 8 3 
Shewanella putrekeciens, 85 


Turbidity meter, 107 
U 
Uni-N/F-Tek for identifying Stenotroaphtormones (Xanthaormongs) 
тайор, 85 
Ureaplasma, antibody detection of. Ву 
microimmunafluorescenee test, 106 
Ureaplasma urealyticum 
colonies ol 1605 
transmission electron microscopy of, 106 
Urease test. 67 
for Bordetella, 77 
for Brucella, 77 
hor Cryptococciis meoformans, 116 
for Enterobecteriacene, GI 
for Trichopluyton mentagropiytes, 136 
for Ureaplasma urealyticun, 105 


ү 


Vaccinia virus, transmission electromicroscopy, 192 
Vancomycin 

anaerobe resistance to, 90 

Pediocaccus resistance to, 44 

Peptostreptococcus manus resistance to, 92 
Vancomycin susceptibility test of Peillococcus, 44 
Varicella zoster virus. 183 

antibody detection of. 186 

evtopathic effect, 186 

shell vial af, fluorescent stain of, 1.46 

in skin lesions 

direct flucresceut assay of, 186 
hemotoxvlin and eosin siain of, 185 

Veillonelta. identification of, 90 
Vials. shell. 177 
Vibrio, 72 
Vibrio cholerae 

on sheep blood agar. 8T 

on TCBS. ST 

on rthiosulfate-citrate-bile salts-sucrose (TCBS), 81 
Vibrio parahaemolyticus 

on sheep blood agar. #1 

on TCBS, 8T 
Virology, 176-193 
Viruses; see also specific viruses 

collection and transport of, 10, 11 

detection and identification of, 176-193 
VITEK system, 11] 
VITEK yeast biochemical card. 145 


wW 


Waste disposal. 5 
Wuchereria bancroftl, mlerofilariae of, 166 
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X 

X and V strips, Haemophillus influenzae on, 75 
Xanthomonas [see Stenotraphomonas) 
Xylose-lysine-desoxyoolate. Enterohacteriaceae on, 55 


Y 


Yeast 
form of, 25 
versus parasites, in feces, 174 


Yeast cells. Gram stain of, 31 


Yersinia enterocolitica. characteristic reactions of, 66 
In АРІ 20 E strips, 70 


РА 
Zugeonmcetes, diagram af. 724 


